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wherein R 1 , R 2 , R 3 and R 4 are each a hydrogen or an acyl, a pharmaceutically acceptablefacki addition salt thereof or 
a hydrate thereof; a pharmaceutical comprising this compound; a pharmaceutical composition comprising this com- 
pound and a pharmaceutical^ acceptable carrier; and 2-anrTino-2-(2^4-(14Tydroxy-5i3herTy!pentyl)phenyl)ethyl)pro- 
pane-1 ,3-dibl or 2^amino^2-(2H4-forrr^ two vcompounds whose- 

amino group and/or hydroxy group are(is) protected or a salt thereof; The compound of the present invention shows 
superior immunosuppressive action with less toodcaty^and higher safety- and is useful as a drug fbrprevention or sup- 
pression of rejection of organs or bone marrow transplantation; or as a drug for prevention or treatment of -various 
autoimmune diseases or allergic diseases. 
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Description 



Technical Field 

5 [0001] The present invention relates to a 2-arninopropane-T,3-diol compound useful for pharmaceuticals, particu- 
larly immunosuppressants, a pharmaceutical use thereof and a synthetic intermediate therefor. 

Background of the Invention 

io [0002]. WO94/08943 discloses 2-aminopropane-1 ,3-diol compounds including 2-amino-2-(2-{4octylphe- 
nyl)ethyl)P ro P ane - 1 . 3 " cii0, hydrochloride useful as a suppressant of rejection in organ or bone marrow transplantation, 
or as a therapeutic agent of various autoimmune diseases such as psoriasis, Behcet's disease and the like, and rheu- 
matic diseases. WO96/06068 discloses a benzene compound useful as a suppressant of rejection in organ or bone 
marrow transplantation or as a therapeutic agent of various autoimmune diseases such as psoriasis, Behcet's disease 

is and the like, and rheumatic diseases. 

[0003] J. Org. Chem., vol. 25, p2057-2059 (1960) teaches 2-methylamino-2-(phenylmethyl or phenylmethyl substi- 
tuted by 2-methyl. 3-methyl, 4-methyl, 4-methoxy or 4-hydroxy)propane- 1 ,3-diol. In U.S. Patent No. 3.660.488. 2-amino- 
2-(p-chlorobenzyl)propane-1 ,3-diol as an anti-radiation drug is disclosed. 

[0004] The object of the present invention is to provide a more effective and highly safe compound as a suppres- 
20 sant of rejection in organ or bone manbw transplantation or as a therapeutic agent of autoimmune diseases such as 
atopic dermatitis, psoriasis, articular rheumatism and Behcet's disease, a pharmaceutical comprising the said com- 
pound, and a synthetic key compound of the said compound. 

[0005] The present inventors have made intensive studies in order to achieve the above-mentioned object and 
found that of the 2Taminopropane-1 ,3-diol compounds represented by the general formula disclosed in WO94/08943 

25 ' ■ ■■ \ i::; : 'Z7~ : - 

R^N-Cr-CHzOR* 

-v. R 



a compound wherein, at the substrtuent R of this compound, a p-phenylene group in the carbon chain and a phenyl 
35 group at the end of the carbon chain are substituted and. in the carbon chain between the said p-phenylene group and 
the phenyl group, the carbon at the a-position of the p-phenylene group is substituted by a carbonyi group (these.com^ 
pounds are not disclosed concretely in the said official gazette) possesses less toxicity, high safety and superior immu- 
nosuppressive action, which resulted in the completion 

40 Disclosure of the Invention 

[0006] Namely, the presentinvention relates tothe following, 

(1) A 2-aminopropane-1 ,3-diol compound of the general formula (hereinafter sometimes to be referred to as Com- 
45 pound (I)) 

CHjOR 3 'r"^_ 6 _ 
R 1 R^-C-<^^ (I) 
cHjQR 4 

55 wherein RVR 2 , R* and R 4 are the same or different and each is a hydrogen or an acyl; a pharmaceutically accept- 
able acid addition saltthereof or:a hydrate thereof^ 

(2) the 2-aminopropane-1 ,3-diol conrippurKl according to aforementioned (.1); which is 2-amino-2-(2-(4-(1-oxo-5- 
phenylpentyl)pheny|)ethyl)propane-1 ,3-diol •(hereinafter sometimes to be referred to as Compound (l-a)). a phar- 
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maceutically acceptable acid addition salt thereof or a hydrate thereof, 

(3) a pharmaceutical comprising the 2-aminopropane-1 ,3-diol compound according to the aforementioned (1) or 
(2), a pharmaceutically acceptable acid addition salt thereof or a hydrate thereof; 

(4) an immunosuppressant comprising; as an active ingredient, the 2-aminopropane-1 t 3-diol compound according 
to the aforementioned (1) or (2), a pharmaceutically acceptable acid addition salt thereof or a hydrate thereof, 

(5) a suppressant of rejection comprising, as an active ingredient; the 2-arrrinopropane-1 ,3-diol compound accord- 
ing to the aforemert toned (1) or (2), a priarmaceutic^ 

(6) an agent for the prevention or treatment of graft-versus-host diseases comprising, as an active ingredient the 
2-aminopropane-1 ,3-diol compound according to the aforementioned (1) or (2), a pharmaceutically acceptable acid 
addition salt-thereof or a hydrate thereof, 

(7) an agent for the prevention or treatment of autoimmune diseases or allergic diseases comprising, as an active 
ingredient; the 2-aminopropane-1 ,3-diol compound according to the aforementioned (1) or (2), a pharmaceutically 
acceptable acid addition salt thereof or a hydrate thereof; 

(8) a pharmaceutical composition comprising the 2-arninopropane-1,3-dioI compound accord 

tioned (1) or (2), a pharmaceutical ly acceptable acid addition salt thereof or a hydrate thereof and a pharmaceuti- 
cally acceptable carrier, 

(9) 2-amino-2-(2-(4-(1 -hydroxy-5-phenylpentyl)p^^ 

to as Compound (ll)). ; a compound thereof wherein amino group and/or hydroxy group are(is) protected or a salt 
thereof/ 

(10) 2-amiho-2-<2-(4 i formytpheny0ethy0propane-1,^ 

A)i a compound thereof wherein an^ salt thereof/ 

[0007] ' The compound of the prese 

CH2OR 3 O 

wherein each symbol is as defined above, and has stnjctural characteristic 

the 2-aminopropane-1 ,3-diol skeleton, a p-phenylene group in the said carbon chain and a phenyl group at the end of 
the said carbon chain are substituted and, in the carbon chain between the said p-phenylene group and the phenyl 
group, the carbon at me a-position of the p-phenylene group is substHuted'by a carbortyl group. Due to this structural 
characteristic, ;the compound of the present inverrtion possesses less toxi^ 
nosuppressive action/ • : - ; "" :;i """ v ' t ' r ' ;i ^ •" ■ ■ : ' rv - ;V ■ - -v — 

[0008] ; ; Compound (II) of the present invention is represented by the formula 

cHapku ■oi4.-. ? , j ,..^ - 

• CH^dM . . . : • ';JZ \ 

and Compound A of the present invention is represented by the formula 

CH2OH o 

CH2OH 
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[0009] . The groups represented by the respective symbols in the present specification are explained in the following. 
[0010] Theacyl at R 1 . R 2 , R 3 and R 4 is exemplified by a straight or branched chain alkanoyi having 1 to 6 carbon 
atoms such as formyi, acetyl,, propionyl, butyryl, isobutyryl, pentanoyt and hexanoyl; a straight or branched chain 
alkanoyi having 2 to 6 carbon atoms which is substituted by phenyl, such as phenyl acetyl and phenylpropionyi; an aroyl 
such as benzoyl; an alkoxycarbonyl wherein the alkoxy moiety is a straight or branched chain alkoxy having 1 to 6 car- 
bon atoms, such as methoxycarbony, ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl, butoxycarbonyl ,_isobutox- 
ycarbonyi, tert-butoxycarbonyl, pentyloxycarbonyl, isopentyloxycarbonyl, tert-perrtyloxycarbonyl and hexyloxycarbonyl; 
and an aralkyloxycarbonyl such as ■benzyloxycart)or1y1^^w'r^^ ; v 

[001 1 ] Examples of the pharmaceutical ly acceptable acid addition salts of the present compound (I) include salts 
with an inorganic acid such as hydrochloric acid, hydrobromic acid, hydroiodic acid,. sulfuric acid, nitric acid and phos- 
phoric acid, or salts with an organic acid such as acetic acid, maJeic acid, fumalic acid; benzoic acid, citric acid, succinic r, 
acid, tartaric acid, malic add, mandelic acid, methane sulfonic acid, benzenesuifonic acid, p-tduenesutfonic acid and, 
10-camphorsulfonic acid. The present compound can be converted to saJts thereof with oxalic acid to obtain crystals. 
The salts of compound (II) and compound A also include the aforementioned acid addition salts. 
[0012] Examples of the hydrate of the present compound (I) include monohydrate, 1/2 hydrate, 1/5 hydrate, .2 
hydrate and 3/2 hydrate. The present invention also encompasses solvates. 

[0013] . The amino-protecting group of the compound (II) and compound A useful as a synthetic intermediate for the, 
compound of the present invention is exemplified by an aliphatic acyl such as formyi, acetyl, propionyl. chloroacetyl, 
dichloroacetyl, trichloroacetyl, trifluoroacetyl, methanesulfonyl and ethanesutfonyl; an aromatic acyl such asphthaloyl, 
benzoyl, p-nitrobenzoyl, p-tert-butylbenzoyl, p-tertTbutyibenzenesurfonyl, benzenesulfonyl and toluenesurfonyl; a car- 
bonate such as m ethoxycarbonyl, ethoxycarbonyl, isopropoxycarbonyl, tert-butoxycarbonyl, 2-cyanoethoxycarbony, 
2,2,2-trichloroethoxycarbonyl, benzyloxycarbonyi, p^itrabenzyloxycarbonyl, p-methoxybenzyloxycarbonyl, p-chlo- 
robenzyloxycarbonyl, diphenylmethoxycarbonyl, methoxym ethyl oxycarbonyi, acetylmetriyloxycarbonyl, phenyl oxycarb- 
onyl, methylsulfonylethyloxycarbonyl and 2-trimethylsilylethoxycarbonyl; an amino-protecting group other than acyl 
such as trityl, di- or trialkylsilyl; benzyl and p-nitrobenzyl. 

[0014] The hydroxyl-protecting group of compound (II) and compound A useful as a synthetic intermediate for the 
compound of the present invention is exemplified by a lower alkyl, which may be substituted, such as methyl, ethyl, pro- 
pyl, butyl, terMautyl, pentyi, hexyl, methoxymethyl and methoxyethoxymethyi; an allyl; an aralkyl, which may be substi- 
tuted, such as benzyl, p-methoxybenzyl, tri phenyl methyl and tris(p-methoxyphenyl)methyl; a tri-substrtuted silyt such as 
trimethylsilyl, triethylsiryf , tert-butyldimethylsilyl. tri-tert-butylsflyl, methyldiphenyisilyl. ethyldiphenylsilyl. propyldiphe- 
nyfsi'lyl and tert-butyldiphenylsilyl; tetrahydropyranyl, tetrahydro-2-thiopyranyl, 2-thiolanyl; acyl such as an aliphatic acyl, 
an aromatic acyl and an.aliphatic acyl SLibstrtuted by an aromatic group, which are derived from carboxylic acids and 
sulfonic acids: . \. i\ ; 

[001 5H v, The aliphatic acyl is exemplified by a lower alkanoyi such as formyi, acetyl, propionyl, butyryl, valeryl, pival- 

oyl. carbcxyacetyl, cai^ chloroacetyl, methoxyacetyl and phencoyacetyl;, a carbonate such 

as methoxycarbonyl, ethoxycarbonyl, isopropoxycarbonyl, text^xitoxycarbonyl 2,2,2-tri- 

bromoethoxycarbonyl and p-nrtrophenoxycarbonyl; a sulfonyl such as metrmnesuto and ethanesulfonyi. 

[0016] The aromatic acyl is exemplified byan aroyl such as benzoyl, toluoyl, naphthoy1,.nrtrobenzoyl and dinitroben- 

zoyl; a sutfonyl such as benzenesulfonyl. toluenesulfonyl, naphthalenesulfonyl, fluorobenzenesulfonyl, chlorobenze- 

nesulfbnyl, bromobenzenesuffonyl and iodobenzenesuffonyl; and the like. The aliphatic acyl substituted by an aromatic 

group is exemplified by an arylaikanoyl such as phenyiacetyl, phenylpropionyi and phenylbutyryi. 

[0017] Further, the two hydroxyl groups may in combination. forni a cyclic acetal such as methylene acetal, ethyli- 

dene acetal, isopropylidene acetal, benzylidene acetal, anisyiidene acetal and 2,4-dimethoxybenzylidene acetal. Oxa- 

zolidine and cocazine may be formed together with the hydroxyl group and the amino group. 

[0018] In the present invention, an amino group and/or a hydroxy! group of compound (I) may be protected by these 
protecting groups, and the protected compound can be used as a synthetic intermediate for compound (I), and occa- 
sionally used as a pharmaceutical by itsefc 

[0019]; The cornpound (Q of thepresert irrvention can be pro^ ,; ■ . 

. - ■ \j— . - . 

Method A 

[0020] Compound (l-a) wherein R 1 , R 2 , R 3 and mi' are hydrogen in Compound (I) is produced by the following 
method. Namely, Compound A wherein an amino group and/or a hydroxyl group are/is protected, is reacted with a com- 
pound of the formula (III) [hereinafter referred to as Compound (III)] 
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M-(CH2) 4 - 




(HI) 



5 



wherein M is a metal widely employed in the field of organic synthetic chemistry, such as lithium, magnesium chloride; 
magnesium bromide, magnesium iodide, copper, lithium copper and nickel; and a protecting group is removed, rf nec- 
10 essary. to give Compound (II) 



20 or a compound thereof wherein an amino group and/or a hydroxyl group are/is protected, followed by oxidation of the 
hydroxy! group at the a-position of the phenylene group with a suitable oxidizing agent and a protecting group is 
removed, if necessary, to give Compound (l-a). 

[0021] Examples of the organic solvent to be used in the reaction With Compound (III) include tetrahydrofuran; die- 
thyl ether, ethylene glycol dimethyl ether, dimethyrformamide, dimethyl sulfoxide, benzene, toluene, xylene; dioxane, 
25 methylene chloride, chloroform, dichloroethane and acetonitrile. 

[0022] The reaction temperature of the present reaction is generally from -1 00 to 80 °C and a lower or higher tem- 
perature than the said temperature range may be selected on demand, 

[0023] The reaction time of the present reaction is generally from 30 minutes to 2 days and a longer or shorter reac- 
tion period than the indicated period may be selected on demand; 

30 [0024]- After the reaction is carried out under the aJxjve^entioned conditions or aft^ the- protecting 

group(s) on demand, 1 Compound (II) can be purified by a methodknown in the field of orotic synthetic chemistry, such' 
as solvent extraction, reciystallization. chrorr^ ion exchange^ resin.' ^ 

[0025] Examples of the oxidizing agent to be used in the oxidation reaction of Compound (II) include chromic acic^ 
sulfuric acid, chromium oxide(VI)-sutfuric acid-acetone (Jones reagent), chromiun oxide (Vl)ivridine complex (Collins 

35 reagent), dchromate (e g. sodium dichromate, potassium dichromate)-suffuric add, pyridinium chlorochromate (PPC). 
manganese dioxide, dimethysulfaxide-electrophilic activated reagent (dicydohexyiautxxJiimkde, acetic anhydride, 
(di)phosphorous pentaoxide, sulfur trioxide-pyridine complex, trrfluoroacetic anhydride, oxaiyi chloride, halogen), 
sodium hypochlorite. ;potassium hypochlorite, sodium bromite, N-bromosuccinimide. N-chlorosuccinimide, N-bromoa- 
ceiamide. 2,3-dichloro-5.6-dicyano-p-benzoquinone, tetrachloro-p-benzoquinone. tetrachloro-o-benzoquinone. nitric 

40 acid, dinitrogen tetraoxide. anhydrous benzeneseleninic acid, ruthenium tetraoxide, ruthenium dioxide-sodium perio- 
date, bischlorobis(triphenytphc^hine)rum^ 

[0026] Examples of the solvent to be used in the present reaction include water, acetic acid, diethyl ether, tetrahy- 
drofuran, dioxane. acetone^ fterfcbutyl alcohol; methylene chloride, chloroform, ho 
thereof:. * • 

46 [0027] The reaction temperature of the present reaction is generally from 0 to 100 °C and a lower or higher temper- 
ature than the said temperature range may be selected on demand. 

[0028] The reaction time of the present reaction is generally from 30 minutes to 2 days and a longer or shorter reac- 
tion period than the indicated period maybe selected on demand. 
[0029] After the reaction is carried out wrcJer the ab^ 
so group(s) on demand; Compound (l-a) can be purified ?by a method^known in the field of organic synthetic chemistry, 
such as solvent extraction, recrystaliization, chromatography^ a method using an ion exchange resin. 



55. [0030] Compound (I), wherein R 1 ; R 2 , R 3 and R 4 are acyl, is produced by the foHbwing method. ^ Namely, Compound 
(l-a) is protected on demand and reacted with acyl halide in the presence of a base, followed by removal of the protect- 
ing group(s) on demand to give the compound wherein the corresponding amino group and/or hydroxyl groupare/is 
acylated. In the present method, Compound (II) instead of Compound (l-a) is reacted and treated in the same manner 



15 




Method B 



5 



EP 1 002 792 At 

to allow production of the Compound (II) wherein an amino group and/or a hydroxyl group are/is acylated. Compound 
(I), wherein R 1 , R 2 , R 3 and R 4 are acyl, is treated with an acid or,a base to produce Compound (l-a). 
[0031] Compound A useful as an synthetic intermediate for Compound (I) of the present invention can be produced 
by the following method. 

Method C 

[0032] ? . A compound of the general formula (IV) [hereinafter referred to as Compound (IV)] 




Lv— (CH^— 6 } (IV) 



wherein Lv is a leaving group widely employed in the field of organic synthetic chemistry, such as halogen (fluorine, 
chlorine, bromine, iodine), methanesulfonyloxy, p-toluenesuffonyloxy and trrfluoromethanesulfoyloxy, and a compound 
of the general formula (V) [hereinafter referred to as Compound (V)] 

*cm : (Y) , • / 



wherein rR 5 is a lower alkyl such as methyl, ethyl, propyl; isopropyl; butyl ard tert-btJtyl, or araJkyl, such as benzyl, 
nrtrobenzyl, methoxybenzyl and methylbenzyl, R 6 is an amino-pitrtecting group widely employed in the field of organic 
synthetic chemistry, such as acetyl, benzoyl, tertTbutoxycarbonyl and benzyloxycarbonyl, and.the two R% inthe moler 
cule may Jn combination form a ring such as dioxane and R 5 and R 6 in the molecule may in combination form a ring ; 
such as oxazolidine and oxazine, are condensed in the presence of a base to give a compound of the general formula 
(VI) [hereinafter referred to as Compound (VI)]; 



wherein R 5 and R 6 are as defined above; the ester groups are reduced with a suitable reducing agent and protecting 
groupfs) is/are introduced or removed on demand-to give a compound of the general formula (VII) [hereinafter referred- 
to as Compound :(VII)] ... »/ • , : . - . .. 



wherein- R 7 Js a hydroxyl-protecting group widely^employed in the field of organic synthetic chemistry such as acetyl, 
berizoyl, benzyl, trimethylsilyl. : teiHautyldimethylsilyl, methoxymethyl.Tmemoxyethoxymethyl and tetrahydropyranyl, and, 
R 6 is as defined above; the obtained compound is subjected to reaction with dichloromethyl. methyl ether in the pres-. 
ence of a Lewis acid, and protecting group(s) may beiintroduced or removed as necessary to give. Compound A or N- 
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and/or O-protected compound thereof. 

[0033] Examples of the base to be used in the condensation include sodium hydroxide, sodium methoxide, sodium 
ethoxide, sodium hydride, potassium hydride, lithium diisopropyfamide, butyllrthium, lithium hexamethyldisilazane, tri- 
ethylamine, diisopropylethylamine and 1 ,8<liazabicyclo[5.4.0]undec-7-ene. 
5 [0034] Examples of the organic solvent to be used in the condensation include methanol, ethanol, tert-butyl alcohol, 
tertahydrofuran, diethyl ether, ethylene glycol dimethyl ether, dimethylformamide, dimethyl sulfoxide, benzene, toluene, 
xylene, dioxane, methylene chloride, chloroform, dichloroethane and acetonrtrila 

[0035]' The reaction temperature of the condensation is generally from -20 to 150 °C and a lower or higher temper- 
ature than the said temperature range may be selected on demand: 7 
10 [0036] The reaction time of the condensation is generally from 30 minutes to 2 days and a longer or shorter reaction 
period than the indicated period may be selected on demand. 

[0037] After the condensation is carried out under the above-mentioned conditions or after removing the protecting 
group(s) on demand. Compound (VI) can be purified by a method known in the field of organic synthetic chemistry, such 
as solvent extraction, recrystallization, chromatography or a method using an ion exchange resin. 
75 [0038] Examples of the reducing agent to be used in the reduction of ester include, for example, a metal reducing 
reagent such as sodium borohyd ride, lithium borohydride or lithium aluminum hydride, or diborane. 
[0039] Examples of the solvent to be used in the reduction of ester include, for example, water, methanol, ethanol, 
1-propanol, 2-propanol, tert-butyl alcohol, tetrahydrofuran, dioxane, diethyl ether, ethylene glycol dimethyl ether or a 
mixture thereof;' 

20 [0040] The reaction temperature of the reduction of ester is generally from -20 to 80 °C and a lower or higher tem- 
perature than the said temperature range may be selected on demand: 

[0041]' The reaction time of the reduction of ester is generally from 30 minutes to 10 hours and a longer or shorter 
reaction period than the indicate 

[0042]" After the reduction is carried out under the above-mentioned conditions or after removing the protecting 
25 group(s) on demand, the objective compound can be purified by a method known in the field of organic synthetic chem- 
istry, such as solvent extraction, recrystallization, chromatography or a method using an ion exchange resin. ' 
[0043] Examples of the Lewis acid to be used in the reaction with dichloromethyl methyl ether include aluminum 
chloride, titanium tetrachloride, tin tetrachloride, antimony(V) chloride, iron(l II) ■ chlorkje; boron trif luoridej bismuth(l 1 1) 
chloride, zinc chloride and mercury(ll) chloride. 
30 [0044] : Examples of the organic solvent to be used in the reaction with dichloromethyl methyl ether include tetrahy- 
drofuran, diethyl ether, ethylene glycol dimethyl ether, dimethylformamide, dimethyl sulfoxide, methylene chlbride, chlo- 
roform, dichloroethane, acetonitrile, nitromethane and carbon disulfide. The reaction may be carried out without solvent- 
where necessary. - • 

[0045]'-' The temperature of the reaction with dichloromethyl methyl ether te generally from -20 to o °C and a lower 
35 or higher temperature than the said ternperBttire range rray be selected on demand. 

[0046] The time of the reaction with dichloromethyl methyl ether is generally from 30 minutes to 24 hours and a 
longer or shorter reaction time than the indicated period may be selected on demand. 

[0047] After the reaction with dichloromethyl methyl ether is carried out under the above-mentioned conditions or 
after removing the protecting group on demand, the objective compound can be purified by a method known in the field 
40 of organic synthetic chemistry, such as solvent extraction, reef ystallization, chromatography or' a method using an ion 
exchange resin. 

[0048] As other methods to synthesize Compound A from Compound (VII) include (1) a method comprising Vils- 
meier reaction using N,N-dimethyrformamide, N-methyrformartilide, N-formylmorpholine or N.N-diisopropytformamide, 
and a halogenating reagent such as phosphoryl chloride, phosgene, oxalyl chloride, thionyl chloride, triphenytphos- 

45 phine bromine or hexachlorotriphosphazatriene, and hydrolysis, (2) a method comprising reaction with hexamethylene- 
tetramine in the presence of an acid catalyst (e.g., acetic acid, triphenylacetic acid) and hydrolysis (Duff method). (3) a 
method comprising reaction of a combination of carbon monoxide and hydrogen chloride, or a combination of formic 
acid and chlorosulfuric acid, : thionyl chloride or phosphorus oxychloride in the presence of aluminum chloride using cop- 
per(l) chloride as a cocatalyst as necessaiy (Gatterrrann-Kbch method), ; (4) a method comprising reaction of dry hydro^ 

50 gen cyanide and hydrochloric acid (Gattermajin methoo^ and the like. ^ ' 

Method D 

[0049] Using, in Method C, a compound of the general formula (VII I) [hereinafter referred to as Compound (VIII)] 

55 
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Lv— (CH2) 2 1 /—Hal ( VIE) 



wherein Hal is halogen such as chlorine, bromine or iodine, Lv is as defined above, insteadof Compound (IV), a com- 
pound of the general formula (IX) [hereinafter referred to as Compound (IX)^ 

CHjQR 7 

R^H-C— (C^27~^"^"Hat (DC) 
CH2PR 7 

wherein R 6 , R 7 and Hal are as defined above, is obtained; the obtained compound is reacted with a formylating agent 
in the presence of magnesium and subjected to hydrolysis; and protecting group(s) is/are removed, rf necessary, to give 
Compound A or N- and/or O-protected compound thereof. . 

[0050] vr; ? Examples of the formylating agent to be used in the present reaction include formate such as methyl ortho- 
formate, ethyl orthoformate, ethyl formate or lithium formate,, or formamide such as N-methytformanilide, N, N-dimethyl- 
formamid e, N-methyl- N-(2-pyr idyj)f or mamide. 1 -formylpiperidine, 4-formylmorpholine or ethoxymethyieneaniline 
produced from ethyl orthoformate and aniline, fluorcfermaldehyde (FCHO). formic anhyc^ide and acetic for- 

mic anhydride (HCOQCOCHa)^ -v.. ; 
[0051 ] : v Examples of the organic solvent to be used in the present reaction include tetrahydrof uran, diethyl ether, eth- 
ylene glycol dimethyl ether, dimethytformamide, dimethyl sulfoxide, benzene, toluene, xylene, dicocane, methylene chlo- 
ride, chloroform, dichloroethane and acetonitrile. v r , , 
[0052] ^ The:reac*on terrtperatu or higher tem- 
perature than the said temperature range may be selected on demand. 

[0053] ; The reaction period of the present reaction is generally from 30 minutes to 2 days and a longer or shorter 
reaction period than the indicated period may be selected on demand. 

[0054]. After -.the reaction is carried out under the above-mentioned conditions or after removing the protecting 
group(s) on demand. Compound A can be purified -by a method known in the field of organic synthetic chemistry, such 
as solvent extraction, recrystallization, chromatography or a method using an ion exchange resin. 

Method E 

[0055] ; . A compound of the general formula (X) [hereinafter referred to as Compound (X)] 

Lv— (CH2> 2 — Y (X) 

wherein Y is a formyi group or a protected formyl equivalent such as dimethcxymethyl, diethoxymethyl, ethylenedi- 
oxymethyj.propylenediax^ Lv is^as defined above; is subjected 

to condensation, in the presence of a base, with a compound of the general formula (XI) [hereinafter referred to as Comr 
pound (XI)I 
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CHpR 7 
R^H-CH (XI) 
COOR 5 

10 wherein R 5 , R 6 and R 7 are as defined above; to give a compound of the general fornuila (XII) [hereinafter referred to as 
Compound (XI 0] 

CH£>R r 

COOR 5 

20 

wherein R 5 , R 6 , R 7 and'Y are as defined above; the ester group is subjected 

and protecting group(s) is/areintroduced or removed, if necessary, to g^e Compound . A or. N- and/or O-protected com- ■_ 
pound thereof. 

[0056]" Examples of the base to be used in the condensation include sodium hydroxide, sodium methoxide, sodium 
25 ethoxide, sodium hydride, potassium hydride, lithium diisopropyiamide, butyllrthiunv lithium hexamethyldisilazane, tri- 
ethylamine, diisopropylethylamine and 1,8-disjzabicydo[5.4;0]undec-7-ene. 
[0057] Examples of the organic solvent to be used in the condensation indude methanol, e 

tetrahydrofuran, diethyl ether, ethylene glycol dimethyl ether, dimetriylformamide, dimethyl sulfoxide, benzene, toluene; 
xylene, dioxane, methylene chloride, chloroform, tfchloroethane and acetonitrile.. 
30 [0058] ■ The reaction temperature of the condensation is generally from -20 to 150 °C and a lower orhigher temper- 
ature than the said temperature range may be selected on demand. 

[0059] The reaction period of the condensation is generally from 30 minutes to 2 days and a longer or shorter reac- 
tion period than the indicated period may be selected on demand; 

[0060]; After the condensation is carried out under the above-mentioned conditions or after removing the protecting; 
35 group(s) on demand, ^ Compound (Xll) caji be pu 

such as solvent extraction, recrystallization, chromatography or a method using an ion ex^ 

[0061 ] Examples of the reducing agent to be used in the reduction of ester include metal reducing reagent such as 
sodium borohydride, lithium borohydride or lithium aluminum hydride, or diborane. 

[0062] r Examples of the solvent to be used in the reduction of ester indude water, methanol, ethanol. l-propanol, 2- 
40 propanol. tert^xrtyl aJcohoi, tetrahydrofuran, dioxane; diethyl ether, ethylene glycol dimethyl ether or a mixture thereof; 
[0063] The reaction temperature of the reduction of ester is generally from -20 to 80; °C and a lower or higher tem- 
perature than the said temperature range may be selected on demand:" 

[0064]:. The reaction period of the reduction of ester is generally from 30 minutes to 10 hours and a longer or shorter 
reaction period than the indicated period may be selected on demand. 
45 [0065] After the reduction is carried out under the above-mentioned conditions or, after removing ^the protecting: 
group(s) on demand, the objective compound can be purified by a method known in the field of organic synthetic chem- 
istry, such as solvent extraction; recrystallization, chromatography or a method using an ion exchange resin: 

MethodF -H- 

[0066] A compound of the general formula pel II) (hereinafter referred to as 
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COOR 5 

N 3 -iH (xni) 

COOR 5 

10 wherein R 5 is as defined above; is subjected to condensation, in the presence of a base, with Compound (X) to give a 
compound of the general formula (XIV) [hereinafter referred to as Compound (XIV)] 

COOR 5 

N 3 -C— (CHzh Y (XIV) 

COOR 5 

wherein R 5 and Y are as defined above; the:ester groups and the azide group are subjected to reduction with a suitable 
reducing agent and protecting group(s) is/are introduced or removed, rf necessary, to give Compound A or N- and/or O- 
protected compound thereof. -~ 
[0067] ; Examples of the base to be.used in the condensation include sodium hydroxide, sodium methoxide,: sodium 
25 ethoxide. sodium hydride, potassiums hydride, lithium diisopropylamide. butyllrthium; lithium hexamethyldisilazane, trf- 
ethylamine, diisopropylethylamine and 1 ,8-diazabicyclo[5.4.0]undec-7^na 

[0068]:; Examples of the organic solvent to be used in the condensation include methanol, ethanol, tert-butyl alcohol, 
tetrahydrofuran, diethyl ether, ethylene glycol dimethyl ether, oSmethylformamide, dimethyl sulfoxide, benzene, toluene, , 
xylene, dioxane, methylene chloride, chloroform; dichloroethane or acetcfiitrile.. 
30 [0069]^ . : The reason temperature condensation is generally, from r20 to 150 °C and a lower or higher temper- 
ature than the said temperature range may be selected on demand. 

[0070] The reaction period of the condensation is generally from 30 minutes to 2 days and a longer or shorter reac- 
tion period than the indicated period may be selected on demand. 

[0071 J - After the condensation is carried out under .the above-mentioned conditions or after/removing the protecting 
35 group(s) on demand^ Compound (XIV) can be purified: by a method ^known in the field of organic synthetic chemistry, 
suc^ as sdvert extraction, recry^ 

[0072] y Examples of the reducing-agent to be used in the reduction of ester indude metal reducing reagent such as , 
sodium borohydride, lithium borohydride arKl lithium alum^ 

[0073] ' Examples of the solvent to be used in the reduction of ester include water, methanol; ethanol, 1-propanol, 2- 
40 propanol, tert-butyl alcohol; tetrahydrofuran, dioxane, diethyl ether, ethylene glycol dimethyl ether or a mixture thereof . 
[0074] - The reaction temperature of the reduction of ester is generally :from -20 to 80 °C and a lower ;or higher ^ tem- 
perature than the said temperature range may be selected^on demand;.: , . 

[0075] The reaction period of the reduction of ester is generally from 30 minutes to 1 0 hours and a longer or shorter 
reaction period than the indicated period rray be selected on dernand; . - 
45 [0076K Examples of the.reducing agent to be used Jn the reduction of azide include metal reducing. reagent such as, 
scdium borohy<±-ide, lithium bororiydride and litry 
using transition metel such as palladium 

[0077] Examples of the solvent to be used in the reduction of aztde include water, methanol, ethanol, 1 -propanol. 
2-propanol, tert-butyl alcohol, tetrahydrofuran. diethyl ether, dioxane; ethylene glycol dimethyl ether, acetone, ethyl ace- 
so tate. acetic acid, benzene, toluene, xylene, dimethylformamide. dimethyl sulfoxide or a mixture thereof. 

[0078] The reaction temperature of the red uction^of azide is , generally from -20 to 80 °C and a lower or higher tem- 
perature than the said temperature range may be selected on demand. 

[0079] After the reduction is carried out under the above-mentioned conditions or after removing the protecting 
group(s) on demand, the objective compound can be purified by a method known in the field of organic synthetic chem- 
55 istry. such as solvent extraction, recrystaliization. chromatography or a method using an ion exchange resin. 
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Method G 

[0080] A compound of the general formula (XV) [hereinafter to be referred to as Compound (XV)] 

CH2OR 7 

O2N-CH (XV) 

10 CHjOR 7 

wherein R 7 is a protecting group of a hydroxyl group widely employed in the field of organic synthetic chemistry; such 
as acetyl, benzoyl, benzyl, trimethylsilyl, tert-butyldimethylsily!, rnethoxym ethyl, methoxyethoxym ethyl or tetrahydro- 
is pyranyl, and the two R 7 s may in combination form a ring such as dioxane; is subjected to condensation, in the presence 
of a base, with Compound (X) to give a compound of the general formula (XVI) [hereinafter referred to as Compound 
(XVI)] 

CH2QR 7 ^ => ^ 
0 2 N-C— (CH2)2~{ V-Y (XVI) 
CM2OR 7 

wherein R 7 and Y are as defined above; and the nitro group is subjected to reduction with a suitable reducing agent and 
protecting group(s) is/are introduced or removed, if necessary, to give Compound A or N- and/or Oprotected com- 
pound thereof. 

30 [0081] Examples of the base to be used in the condensation include sodium hydroxide, sodium methoxide, sodium 
ethoxide, sodium hydride, potassium hydride; Irtfiium diisop lithium hexamethyidisilazane, tri- 

ethylamine, diisopropylethylamine and t,8^iazabicyclo[5.4.0]undec-7-ene. 

[0082] Examples of the organic solvent to be used in the condensation include methanol, ethanol, tert-butyl alcohol, 
tetrahydrofuran, diethyl ether, ethylene glycol dimethyl ether, dimethytformamide, -dimethyl sulfoxide, benzene; toluene, 
35 xylene, dioxane; methylene chloride, chloroform, cfichloroethane or acetonitrile: 

[0083] The reaction temperature of the condensation is generally from -20 to 150 °C and a lower or higher temper- 
ature than the said temperature range may be sel ected on demand; . 

[0084] The reaction period of the condensation is generally from 30 minutes to 2 days and a longer or shorter reac- 
tion period than the indicated period may be selected on demand. " 

40 [0085] After the condensation is carried out under the above-mentioned conditions or after removing the protecting 
group(s) on demand, Compound (XVI) can be purified by a method known in the field of organic synthetic chemistry; 
such as solvert extraction; recrystallization; chromatography 0 a methodising an ion exchange resin. 
[0086] Examples of the reducing agent to be used in the reduction of nitro include a metal reducing reagent such 
as sodium borohydride; lithium -borohydride or lithium aluminum hydride^ tran 

45 platinum oxide, Raney nickel, rhodium or rutenium for catalytic reduction, a metal such as iron; zinc or tin. 

[0087] " Examples of the solvent to be used in the reduction of nitro include water, methanol, ethanol, tert-butyl alco- 
hol, tetrahydrofuran; diethyl ether, dioxane; acetone; ethyl acetate, acetic acid; benzene, toluene, xylene, dimethytfbr- 
mamide, dimethyl sulfoxide or a rruxture thereof > ^ /.-^v f ^ : , » 

[0088] The reaction temperature of the reduction of nitro is geneiraJiy^^f^ to 80 °C and a lower or higher tem- 

50 perature than the said tempeiature ran^ 

[0089] After the reduction is carried out under the above-mentioned conditions or after removing the protecting 
group(s) on demand; the objective compound can be purified by a method known in the field of organic synthetic chem- 
istry, such as solvert extraction; reciys^ 

55 Method H 

[0090] A compound of the general formula (XVI 0 [hereinafter referred to as Compound (XVII)] 
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<xvn) 



wherein M and Y are as defined above; is subjected to nudeophilic addition with a compound of the general formula 
pCVIII) [hereinafter to be referred to as Compound (XVIII)] 

10 

COOR 5 

(xvni) 

iooR 5 

wherein R 8 is an imino-protecting group widely employed in the field of organic synthetic chemistry, such as acetyl, ben- 
20 zoyl or tert-butoxycarbonyl, benzyloxycarbonyl . and R 5 is as defined above; to give a compound of the general formula 
(Vl-a) [hereinafter referred to as Compound (VUa)] 

COOR 5 _ 
25 R^H-C— (CH2) 2 — Y ( VI-a ) 

wherein R 5 , R 8 and Y are as defined above; the ester groups are subjected to reduction with a surtafcrfe reducing agent 
and protecting group(s) is/are introduced or removed, if necessary, to give Compound A or N- and/or Oprotected com- 
pound thereof. 

[0091] > Examples of the organic solvent to be used in the addrtion indude tetrahydrofur^ 
35 glycol dimethyl ether, cfimethytformamkje, dimethyl sulfoxide, benzene,, toluene, .xylene, diaxane; methyienexhloride, ; 
chloroform, dichloroethane or acetonitrile. 

[0092] The reaction temperature of the addition is generally from -1 00 to 80 °C and a lower or higher temperature 
than the said temperature range may be selected on demand. .---v^." 
[0093] The reaction period of the addition is generally from 30. minutes to 2 days and a longer or shorter reaction 

40 period.thanthe indicated period may be selected on demand;/. .-r^ ■ 

[0094] * After the addition is carried out under the above-mentioned conditions or after removing the protecting 
group(s) on demand, Compound (Vl-a) can be purified by a method known in; the afield of organic synthetic: chemistry, 
such as solvent ^extraction, recrystallization; chromatography or a method using an ion exchange resin.. 7 ,;. 
[0095] v Examples of the reducing agent to be used in the reduction of ester indude a. metal reducing reagent such : 

45 as sodium borohydride. Jrthium borohydride or lithium aluminum hydridei or diborane^ . . ; . - w 

[0096] v . Examples of the solvent to be used in the reduction of ester indude water, methanol, ethanol, 1 -propanol, 2- 
propanol.,tert-bu^ alcoh 

[0097] The reaction temperature of the reduction of ester is generally from -20 to 80 °C and a lower or higher tem- 
perature than .the said temperature range may be/selectedon demand. - • \ : - % >, - 
so [0098] The reaction period of the reduction of esteras generally from 30. minutes to 10 hours and a longer or shorter 
reaction period than the indicated period irria^b v . ^ 

[0099]- After the reduction ;is carried out --under the abovermentioned corri^ the protecting, 

group(s) on demand, the objective compound caabepurifiedby a method known, in the field of organic synthetic chem- 
istry, such as solvent extraction, recrystallization, chromatography or a method using an ion exchange resin. 

55 

Method! 

[0100]; Compound (XVI) can be also produced by the following method. 
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[01011 Compound (X) and a compound of the general formula (XIX) [hereinafter referred to as Compound (XIX)] 

COOR 5 
OjN-CHj (XIX) 

wherein R 5 is as defined above; are subjected to condensation in the presence of a base to give a compound of the* 
w general formula (XX) [hereinafter referred to as Compound (XX)] 

COOR 5 

15 ~ 




wherein R 5 and Y are as defined above; the obtained compound is subjected to condensation, in the presence of a 
20 base, with formalin and protection of hydroxy! group if necessary to give a compound of the genera] formula (XXI) [here- 
inafter referred to as Compound (XXI)] 

COOR 5 

02N-C-(CH^^ (XXI) 
CH2OR 7 

30 ' 

wherein R 5 , R 7 and Y are as defined above; the ester group is subjected to reduction with a suitable reducing agent and 
protection of the hydroxy! group(s) "rf necessary to give Compound (XVI) i r 

[0102] Examples of the solvent to be used in the condensation include water, methanol, ethanol, tert-butyl alcohol, 
tetrahydrofuran, diethyl ether, ethylene glycol dimethyl ether, dmethylforrnamide^dimethyl sulfoxide, benzene, toluene, 

35 xylene, dioxane, methylene chloride, chloroform, dichloroethane or acetonitrile. 

[0103] Examples of the base to be used in the condensation include sodium hydroxide, sodium methoxide, sodium 
ethoxide, sodium hydrkie;,potassw^^ 
. ene. ; .- - -;*: 

[0104] The reaction temperature of the condensation is generally from -20 to 1 50 °C and a lower or higher temper- 

40 ature than the said temperature range may be selected on demand; 

[0105] The reaction period of the condensation is generally from 30 minutes to 2 days and a longer or shorter reac- 
tion period than the indicated period may be selected on demand. 

[0106] After the condensation is carried out under the above-mentioned concfitions or after removing the protecting 
group(s) on demand; Compound (XX) can be purified by a method known in the field of organic synthetic chemistry; 
45 such as solvert extracrion, r^^ 

[0107] Examples of the solvent to be used in the condensation with formalin include water, methanol, ethanoli tert- 
biityl alcohol; tetrahydrofuran, diethyl et^ 

zene, toluene, xylene; dioxane, me^ene chloride; cW ..-.v;^- . ■ 

[0108] Examples of the base to be used in the corden^ 
50 ethoxide; sodium hydrider potassium hydride; trie^ diisopropylethylamine and T;8<liazabicyclo[5.4:0]undec-7- 

ene- 

[0109F The reaction temperature of the condensation is generally from -20 to 1 50 °C and a lower or higher temper- 
ature than the said temperature range may be selected on demand^ 

[0110] The reaction period of the condensation is generally from 30 minutes to 2 days and a longer or shorter reac- 
55 tion period than the indicated period may be selected on demand: - " ; ■ 

[011 1] After the condensation is carried out under the above-mentioned conditions or after removing the protecting 
group(s) on demand, ; Compound (XXO be purHied by a method known in the field of organic synthetic chemistry, r 
such as solvent extraction; recrystallization, chromatography or a method using an ion exchange res^ 
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[0112] Examples of the reducing agent to be used in the reduction of ester include a metal reducing reagent such 
as sodium borohydride, lithium borohydride or lithium aluminum hydride, or diborane. 

[0113] Examples of the solvent to be used in the reduction of ester include water, methanol, ethanol, 1-propanol, 2- 
propanol, tert-butyi alcohol, tetrahydrofuran, dioxane, diethyl ether, ethylene glycol dimethyl ether or a mixture thereof. 
5 [0114] The reaction temperature of the reduction of ester is generally from -20 to 80 °C and a lower or higher tem- 
perature than the said temperature range may be selected on demand. 

[01 1 5] The reaction period of the reduction of ester is generally from 30 minutes to 1 0 hours and a longer or shorter 
reaction period than the indicated period may be selected on demand. 

[01 1 6] After: the reduction is carried out under the above-mentioned conditions or after removing the protecting 
10 group(s) on demand. Compound (XVI) can be purified by a method known in the field of organic synthetic chemistry, 
such as solvent extraction, recrystallization, chromatography or a method using an ion exchange resin. 

Method J 

15 [0117] Compound (Vl-a) can be also produced in the following method/ 

[0118] A compound of the general formula (XXII) [hereinafter referred to as Compound (XXII)] 

COOR 5 

. \ : 

h-c-h (xxn) 

COOR 5 

25 

wherein R 5 is as defined above; and Compound (X) are subjected to condensation in the presence of a base to give a 
compound of the general formula (XXIII) [hereinafter referred to as Compound (XXIII)] 

30 COOR 5 

H-C— (C^2) 2 --^^— Y (XXffl) 
COOR 5 

35 ......... .... ... . v . .. r 

wherein R 5 and Y are as defined above; the obtained compourxi is reacted, in me presence of a base, with an amina- 
tion agent of the general formula (XXIV) 

40 H 2 N-Le (XXIV) 

wherein Le is a leaving group such as 2,4-dmrtrophenoxy; and protecting ;group(s) is/are iritroduced or removed if nec- 
essary to give Compound (Vl-a); ...v^.f. r V:.->S>*-t.2^-.. • "r:- 
[0119] _ Examples of the base to be used in the condensation include sodium hydroxide,: sodium methoxide, sodium 
45 ethoxide, sodium hydride, potassium hydride^ TO tri- 
ethyiamine, diisopropyletr^ 

[0120].. : Examples of the solvent to be used in the condensation include water, methanol, ethanol. tert-butyl alcohol,, 
tetrahydrofuran, diethyl ether, ethylene glycol dimethyl ether, tfmethylforr^ 

xylene, dioxane, methylene chloride, chloroform, dichJoroethane or acetonrtrile. .... . . . » . . » . . 4 "- : 

so [0121]; The reaction temperature of the ccftdensation is generally, from r20. to 150 °C and a lower or higher4emper- 
ature than the said temperature range may be selected on demand. 

[0122],: The reaction period of the condensation is generally from 30 minutes to 2 days and a longer or shorter reac- 
tion period than me indicated period rnay be selected on demand. 

[0123] ; , After the condensation is earned out under the above-mentioned conditions or after removing the protecting:/ 
55 group(s) on demand. Compound (XXIII) can be purified by a method known in the field of organic synthetic chemistry,; 
such as solvent extraction, recrystallization, ctiromatoo^Bphy or a memod using an ion exchange resin. 
[0124]- Examples of, the base to be used in the amination-reaction include sodium hydroxide, sodium methoxide, 
sodium ethoxide, sodium hydride, potassium , hydride, Irthium^diisopropylamide, butyllithium, lithium hexamethytefisiia- 
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zane, tri ethyl amine, diisopropylethytamine and 1,8~diazabicyclo[5.4.0]undec-7-ene. 

[0125] Examples of the solvent to be used in the amination reaction include water, methanol, ethanol, tert-butyl 
alcohol, tetrahydrofuran, diethyl ether, ethylene glycol dimethyl ether, dimethytformamide, dimethyl sulfoxide, benzene, 
toluene, xylene, dioxane, methylene chloride, chloroform, dichloroethane or acetonitriie. 
5 [0126] The reaction temperature of the amination reaction is generally from -20 to 150 °C and a lower or higher 
temperature than the said temperature range may be selected on demand. 

[0127] The reaction period of the amination reaction is generally from 30 minutes to 2 days and a longer or shorter 
reaction period than the indicated period may be selected on demand. 

[0128] After the amination reaction is carried out under the above-mentioned conditions or after removing the pro- 
io tecting group(s) on demand. Compound (Vl-a) can be purified by a method known in the field of organic synthetic chem- 
istry, such as solvent extraction, recrystallization, chromatography or a method using an ion exchange resin. 

Method K 

is [0129] In Method E to Method J, Compound (IV) or Compound (VII 0 is used instead of Compound (X) to give Com- 
pound (VII) or Compound (IX), respectively. 

Method L 

20 [0130] In Method C. Compound (X) is used instead of Compound (IV) to give Compound (Vl-a). 
[0131] The compound (l-a) of the present invention can be also produced by the following method. 

Method M 

25 [0132] A compound of the general formula (XXV) [hereinafter referred to as Compound (XXV)] 



Lv— (CH2> 2 

30 




(XXV) 



wherein Lv is as defined above; is reacted with dichloromethyl methyl ether in the presence of a Lewis acid to give a 
compound of the general formula (XXVI) [hereinafter referred to as Compound (XXVI)] 

35 



Lv— (CHzfe 




(XXVI) 



40 



wherein Lv is as defined above; the obtained compound is reacted with Compound (III) to give a compound of the gen- 
eral formula (XXVII) [hereinafter referred to as Compound (XXVII)] 

45 . _ 

OH / _ 
Lv— (CHafe-C V-6h-(CH2)4— ^ } (XXVH) 

SO 

wherein Lv is as defined above; the obtained compound is subjected to oxidation with a suitable oxidizing agent to give 
a compound of the general formula (XXVIII) [hereinafter referred to as Compound (XXVIII)] 

55 
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10 



-is 




(xxvni) 



wherein Lv is as defined above; the obtained compound is subjected to condensation with Compound (V) in the pres- 
ence of a base to give a compound of the general formula (XXIX) [hereinafter referred to as Compound (XXIX)] 

COOR 5 Q " 

R 6 NH-C— (CHah-^^— C-fCH^-^"^ (XXIX) 

cboR 5 " 




wherein R 5 and R 6 are as defined above; the carbonyl group of Compound (XXIX) is subjected to protection and reduc- 
20 tion with a reducing agent to give a compound of the general formula (l^b) [hereinafter referred to as Compound (l-b)] 

CHPH 
CH 2 OH 

30 wherein P 1 and P 2 are carbonyi-protecting group widely employed in the field of organic synthetic chemistry, such as a 
lower alkoxy such as methoxy, ethaxy, propoxy, isopropoxy or butoxy, or P 1 and P 2 together form an alkylenedicxy such 
as ethyienedioxy, or a compound thereof wherein the amino group and/or the hydroxy! group areOs) protected; and the 
obtained compound is subjected to deprotection to give Conipound (l^). , 
[0133] Examples of the Lewis acid to be used in. the reaction with dichloromethyl methyl ether include aluminum 

35 chloride, titanium tetrachloride, tin tetrachloride, antimony(V) chloride, iron(lll) chloride, boron trifluoride, bismuth(lll) 
chloride; zinc chloride or mercury(ll) chloride. 

[0134] Examples of the organic solvent to be used in the reaction with dichloromethyl methyl ether include tetrahy- 
drofuran, diethyl ether, ethylene glycol dimethyl ether, dimethylformamide, dimethyl sulfoxide, methylene chloride, chlo- 
roform, dichloroethane. acetonitrile, nitromethane or carbon disulfide: The reaction may be carried out without solvent 
40 on demand. 

[01 35] The reaction temperature of the reaction with dichloro methyl methyl ether is generally from -20 to 0 °C and 
a lower or higher temperature than the said temperature range may be selected on demand. 

[01 36]; :. The reaction period of the reaction with dichloromethyl methyl ether is generally/from 3G minutes to 24 hours 
and a longer or shorter reaction period than the indicated period may be selected on demand. 
45 [0137] After the reaction with dichloromethyl methyl ether is carried out under the above-mentioned conditions or 
after removing the protecting group(s) on demand, the objective compound can be purified by a method known in the 
field of organic synthetic chemistry, such as solvent extraction, recrystallization.xhrorratography or a method using an 
ion exchange resin. \ * ■■' ry Z^Vi f ' : v* ~» - ml > ♦ ■ • 

[0138] Examples of the organic solvent to be used in the reaction with Compound (III) indude tetrahydrofuran, die- 
so thyl ether, ethylene^ glycol dimethyl ether, dimethytformamide, dimethyl sulfoxide, "benzene, toluene, xylene, dioxane, 
methylene chloride, chlcroform-dichloroe^ane or acetonitrile. 

[0139]; The reaction temperature of the present reaction is generally from -100 to 80 ^C and a lower or higher tem- 
perature than the said temperature range rnay be selected on demands \ 

[0140] The reaction period of the present reaction is generally from 30 minutes to 2 days and a longer or shorter 
55 reaction period than the indicated period may be selected on demand. 

[0141] After the reaction is carried out under the above-mentioned conditions or after removing the protecting 
group(s) on demand, Compound (XXVII) can be purified by a method known in the field of organic synthetic chemistry, 
such as solvent extraction, recrystallization, chromatography or a method using an ion exchange resin. 
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[0142] Examples of the oxidizing agent to be used in the oxidation of Compound (XXVII) include chromic acid-sul- 
furic acid, chromium(VI) oxtie-suKuric acid-acetone (Jones reagent), chromium(VI) oxide-pyridine complex (Collins 
reagent), dichromate (sodium dichromate, potassium dichromate. etc.)-sulfuric acid, pyridinium chlorochromate (PCC), 
manganese dioxide, dimethyl suHbxide-eiectrophilic activated reagent (dicyclohexylcarbodiimide. acetic anhydride, 
phosphorus pentaoxide, sulfur trioxide-pyridine complex, trifluoroacetic anhydride, oxaiyl chloride, halogen), sodium 
hypochlorite, potassium hypochlorite, sodium bromite, N-bromosuccinimide, N-chlorosuccinimide, N-bromoacetamide, 
2,3-dichloro-5,6-dicyanc-p-benzoquinone, tetrachioro-p-benzoquinone. tetrachloro-o-benzoquinone, nitric acid, di nitro- 
gen tetraoxide. anhydrous benzeneseleninic acid, ruthenium tetraoxide, rutenium dioxide-sodium periodate, bischloro- 
bis(triphenylphosphine)rutenium-iodosylbenzene or sodium bismuthate. 

[0143] Examples of the solvent to be used in the present reaction include water, acetic acid, diethyl ether, tetrahy- 
drofuran, dioxane, acetone, tert-butyl alcohol, methylene chloride, chloroform, hexane; benzene, toluene or a mixture 
thereof. 

[0144] The reaction temperature of the present reaction is generally from 0 to 1 00 °C and a lower or higher temper- 
ature than the said temperature range may be selected on demand. 

[0145] The reaction period of the present reaction is generally from 30 minutes to 2 days and a longer or shorter 
reaction period than the indicated period may be selected on demand. 

[0146] After the reaction is carried out under the above-mentioned conditions or after removing the protecting 
group(s) on demand, Compound (XXVIII) can be purified by a method known in the field of organic synthetic chemistry, 
such as solvent extraction, recrystallization, chromatography or a method using an ion exchange resin. 
[0147] Examples of the base to be used in the condensation include sodium hydroxide, sodium methoxide, sodium 
ethoxide, sodium hydride, potassium hydride, lithium diisopropylamide, butyllithium, lithium hexzamethyldisilazane, tri- 
ethyiamine, diisopropylethylamine and T,8-diazabicyclo[5.4.0]undec-7-ene. 

[0148] Examples of the organic solvent to be used in the condensation include methanol, ethanol, tert-butyl alcohol, 
tetrahydrofuran, diethyl ether, ethylene glycol dimethyl ether, dimethyHbrrnamide, dimethyl sulfoxide, benzene, toluene* 
xylene, dioxane, methylene chloride, chloroform, cfichloroethane or acetonitrile. 

[0149] The reaction temperature of the condensation is generally from -20 to 150 °C and a lower or higher temper- 
ature than the said temperature range may be selected on demand. 

[0150] The reaction period of the condensation is generally from 30 minutes to 2 days and a longer or shorter reac- 
tion period than the indicated period may be selected on demand. 

[0151] After the condensation is carried out under the above-mentioned conditions or after removing the protecting; 
group(s) on demand, Compound (XXIX) can be purified by a method known in the field of organic synthetic chemistry, 
such as solvent extraction, recrystallization, chrcmate^rapriy or a method using an ion exchange resin. 
[0152]' Compound (XXVIII) wherein Lv is halogen, particularly chlorine or bromine, is also subjected to iodination 
using sodium iodide, followed by reacting with Compound (V). 

[0153] The protection of the carbonyl group of Compound (XXIX) can be carried out by a method known in the field 
of organic synthetic chemistry. For example, Compound (XXIX) is treated with ethylene glycol in the presence of an acid 
catalyst such as paratoluenesurfonic acid, or with lower alcohol in the presence of an acid such as hydrochloric acid or 
sulfuric acid to give the corresponding carbonyl-protected compound. 

[0154] Examples of the reducing agent to be used in the reduction include a metal reducing reagent such as 
sodium borohydride, lithium borohydride or lithium aluminum hydride, or diborane. 

[0155] Examples of the solvent to be used in the reduction include water, methanol, ethanol, 1-propanol. 2-propa- 
nol, tert-butyl alcohol, tetrahydrofuran, dioxane; diethyl ether, ethylene glycol dimethyl ether or a mixture thereof- 
[0156] The reaction temperature of the reduction is generally from -20 to 80 °C and a lower or higher temperature 
than the said temperature range may be selected on demand. 

[01 57] The reaction period of the reduction is generally from 30 minutes to 1 0 hours and a longer or shorter, reaction 
period than the indicated period may be selected on demand. 

[0158]' After the reduction is carried out under the above-mentioned conditions or after removing the protecting 
group(s) on demand, the objective compound can be purified by a method known in the field of organic synthetic chem- 
istry, such as solvent extraction, recrystallization, chromatography or a method using an ion exchange resin. 
[0159] Examples of the reagent to be used in the deprotection include an acid such as hydrochloric acid, sulfuric 
acid, acetic acid or trif luoroacetic acid, a base such as sodium hydroxide, potassium hydroxide or lithium hydroxide. 
[01 60] Examples of the solvent to be used in the deprotection include water; methanol, ethanol, isopropyi alcohol, 
tert-butyl alcohol, acetone, tetrahydrofuran. ethylene glycol dimethyl ether, c5methylformamide or dimethyl sulfoxide: 
[0161] The reaction temperature of the deprotection is generally from -20 to 100 °G and a lower or higher temper- 
ature than the said temperature range may be selected on demand. 

[0162] • The reaction period of the deprotection is generally from 30 minutes to 5 hours and a longer or shorter reac- 
tion period than the indicated period may be selected on demand. 

[0163] After the deprotection is earned l out under the above-mentioned conditions or- after removing the protecting 
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group on demand, the objective compound can be purified by a method known in the field of organic synthetic chemis- 
try, such as solvent extraction, recrystallization, chromatography or a method using an ion exchange resin. 

Method N 

[0164] CompourKT(XXVOcanbealsoprc^ 
of magnesium, followed by hydrolysis. 

Method O: — ■^i-:.- ■ ■-■•>.-., 

[01 65] Compound (l-a) of the present invention can be also produced by reacting and treating in the same manner 
as in Method E after condensing Compound (XXVIII) with Compound (XI). in the same manner as in Method F after 
condensing Compound (XXVI II) with Compound (XIII), in the same manner as in Method G after condensing Com- 
pound (XXVIII) with Compound (XV), in the same manner as in Method I after condensing Compound (XXVIII) with 
75 Compound: (XIX) r in the same nianner as in Method J after condensing;^ 
respectively. 

[0166] . Compound (I) erf the present invention is treated, in a suitable sol vem such as water, methanol, ethanol^ die- 
thyl ether; tetrahydrofuran or dioxane if necessary, with an acid such as hydrochloric acid, hydrobromic acid, hydroiodic 
acid, sulfuric acid, nitric acid, phosphoric acid, acetic acid, maieic acid, fumalic add, benzoic acid, dtric acid, .oxalic 
20 acid, succinic acid, tartaric acidr malic acid,, mandelic acid; methanesulfonic addrbenzenesulfonic add, p-toluenesul- 
fonic acid or lO^camphorsulfpnic acid to give an acid addition salt thereof. When the crystals of a'corrpoiind ;of the* 
present invention obtained are anhydrides, the crystals are treated with wate^^ ^ 
a hydrates such as monohydrate, 1/2 hydrate, 1/5 hydrate; dihydrate or 3/2 hydrate, or solvates. 
[0167]:; Compound (I) of the present invention; a pharmaceutical^ acceptable acid addition salt thereof or a hydrate 
25 thereof can be used for the prevention and suppression of rejection caused by transplanting oigan (liver, heanX kidney 
etc.) or bone marrow among the same kind or differem Wnds erf marnmals inclusive of human, dog, cat, cattle, horse, 
pig, monkey, rat etc., and for the prevention and treatment of various autdmmune diseases or various allergic diseases. 
Namely. ihe compounds of the present Jnvention- have pharmacological activities such as immunosuppressive activity; 
or antimicrobial activity, and therefore are useful for the prevention or treatment of resistance to transplantation or trans- 
it? plantation rejection of organs or tissues (such as heart, kidney, liver, lung, bone marrow, cornea, pancreas/ irrtestinum - 
tenue, I imb, musde, nervus, fatty marrow, duodenum, sWn or pancreatic islet ceJI etc., indudin^ xeno- transplantation) , 
graft-versus-host diseases by bone marrow transplantation, autoimmune diseases: such as rheumatoid arthritis, sys- 
temic lupus erythematosus, nephrotic syndrome lupus, Hashimoto's thyrddrtis. multiple sclerosis, myasthenia gravis, 
type I diabetes mellrtus, type II adult onset diabetes mellttus, uveitis, nephrc^c syndrome, steroid-dependent and ster- 
35 oid-resistant nephrosis, paimopJantar pustulosis, allergic encephalomyelitis, glomerulonephritis, etc., and infectious dis- 
eases caused by pathogenic microorganisms. , y 

[0168] The compounds of the present invention are useful for treating irrflammatory, proliferative and hyperprol^ 
ative skin diseases and cutaneous, manifestations of immunologically-mediated illnesses such as psoriasis, psoriatic 
arthritis, atopic eczema (atopic dermatitis), contact dermatitis and further eczematous dermatitises, seborrheic derma- - 
40 titis, lichen planus, pemphigus, bullous pemphigoid, epidermolysis bullosa, urticaria, angioederm, vasculitis, erythema, 
cutaneous eosinophilia, acne, alopeda areata, eosinophilic fasditis, and atherosderosis, 
[0169] More particularry, ; the cornpounds of the presert invention are useful in hair revitalizing, su^ 
ment of female or male pattern alopecia, or senile alopeda, - 

a promotion of hair generation and hair growth. - : 

45 [0170]:>r The compounds of the present invention are farther usefulin the treatment of respiratory diseases; for exam- 
ple, sarcoidosis, fibroid lung, idiopathic interstitial pneumonia, -.and reversible obstructive airways disease, including:, 
conditions such as asthma, induding - bronchial asthma, irrfantile asthrria, allergic ast^ 
asthma and dust asthma,, particularly chronic or inveterate asthrra (for example late asthma and 
siveness), bronchitisand theJiker" ; - - : . ^ ^::-. : r :-^: \ j : : ■ : 

so [0171]v: The? compounds of the present invention may- a^ 

ischemia:':- - .<. • v - >\; & ■ .• •■; v -i-^v • -'.c r,— .■ 

[0172] ? The compounds of .the present inventionare also indicated in certain eye diseases such: as conjunctivitis, : 
keratoconjunctivitis, keratitis, vernal conjunctivitis, uveitis associated with Behcet's disease, herpetic keratitis, conical: 
cornea, dystorphia eprthelialis comeae, keratoleukoma, ocular, pemphigus, Mooren's ulcer, sderitis, Graves' oprrthal - 

55 mopathy, -severe intraocular inflammation -and the like. 

[0173]: The compounds of the present invention are also useful for preventing or treating inflammation of mucosa or 
blood vessels (such as leukotriene B 4 -mediated diseases, gastric ulcers, vascular damage caused by ischemic dis- 
eases and thrombosis, ischemic bowel disease, inflammatory bowel disease (e.g. Crohn's disease and ulcerative coli- 
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tis), necrotizing enterocolitis), or intestinal lesions associated with thermal burns. 

[0174] Further, the compounds of the present invention are also useful for treating or preventing renal diseases 
including interstitial nephritis, Goodpasture's syndrome, hemolytic uremic syndrome and diabetic nephropathy; nervous 
diseases selected from multiple myositis, Guillain-Barre syndrome, Meniere's disease and radiculopathy, endocrine dis- 

5 eases including hyperthyroidism and Basedow's disease; hematic diseases including pure red cell aplasia, aplastic 
anemia, hypoplastic anemia, idiopathic thrombocytopenic purpura, autoimmune hemolytic anemia, agranulocytosis 
and anerythroplasia; bone diseases including osteoporosis; respiratory diseases including sarcoidosis, fforoid lung and 
idiopathic interstitial pneumonia; skin diseases including dermatomyositis, vitiligo vulgaris, ichthyosis vulgaris, photoal- 
lergy sensitivity and cutaneous T cell lymphoma; circulatory diseases including arteriosclerosis, aortitis, polyarteritis 

10 nodosa andmyocardosis; collagen disease including scleroderma. Wegener's granuloma and Sjogren' syndrome; adi- 
posis; eosinophilic fasciitis; periodontal disease; nephrotic syndrome; hemolytic uremic syndrome; and muscular dys- 
trophy/ 

[0175] Further, the compounds of the present invention are indicated in the treatment of diseases including intesti- 
nal inflammations or allergies such as Coeliac disease. ■■proctitis,- eusinophilic gastroenteritis, mastocytosis, Crohn's dis- 
15 ease or ulcerative colitis; and food related allergic diseases which have symptomatic manifestation remote from the 
gastrointestinal tract for example migraine, rhinitis and eczema. 

[0176] The compounds of the present invention also have liver regenerating activity and/or activity in promoting 
hypertrophy and hyperplasia of hepatocytes. Therefore, they are useful for the treatment and prevention of hepatic dis- 
eases such as immunogenic dise^ 
20 biliary cirrhosis and sclerosing cholangitis), partial liver resection; acute liver necrosis (e.g. necrosis caused by toxins; 
viral hepatitis; shock or anoxia), viral hepatitis type B. non-A/non-B hepatitis and cirrhosis. 

[0177] The compounds of the present invention are also irujicated for use as arrti microbial agents, and thus may be 
used in the treatment of diseases caused by pamogenic microorg^isms and the like. 

[0178] Further, the compounds of the present invention can be used in the prevention or treatment of -malignant 
25 rheumatoid arthritis, amyloidosis, fulminant hepatitis, Shy-Drager syndrome, pustular psoriasis, Behcet's disease, sys- 
temic lijpus erythematosus, ei^^ sclerosis, mixed connective tissue dis- 
ease, aortitis syndrome, Wegener's gramuiomatosis, active chronic hepatitis, Evans syndrome, pollinosisi idiopathic 
iTypcpamthyroidism. Addison disease (autoimmune adrenalrtis), autoimmune orchitis, autoimmune oophoritis, cold- 
hemagglutinin, paroxysmal cold hemoglobinuria, pernicious anemia, adult T cell leukemia, autoimmune atrophic gas- 
so tritis, lupoid hepalit^ membranous nephritis, amyotrophic lateral sclerosis, rheumatic fever, 
postrrryocardial infarction syndrome ajid sympathetic ophthalmitis. 

[01 79] The compounds of the present invention have antifungal effect and are useful as an antifungal agent. 
- [0180] ' Moreover. the compounds of the present invention, pharmaceutical^ acceptable acid addition salts thereof 
or hydrates thereof can be used in combination with other immunosuppressant(s), steroid(s) (prednisolone, methyl- 
35 prednisolone, dexamethasone, hydrocortisone and the like) or. nonsteroidal acid antiinflammatory agent As the other 
immunosiippressant. preferred is particulariy selected from azamioprih mizorib- 
ine. 2-morpholihoemyTmycophenolate^c^^ lef lunomide and OKT-3. 

[0181] When Compound (I) of the presort invention thus obtained; a phanro 

thereof or a hydrate thereof is used as a medicament, Compound (I) is admixed with a pharmaceutically acceptable car- 

40 her (e.g., excipients, binders, disintegrators, correctives; corrigerrts, emulsifiers, diluents, solubilizers and the like) to 
give a pharmaceutical composition or a pharmaceutical agent (tablets, pills, capsules, granules, powders, syrups, emul- : 
sions, elixirs, suspensions, solutions; injections, transfusions or external preparations), which can be administered 
orally or parerrteraJly. The pharmaceutical composition can be formulated into a pharmaceutical preparation by a corn 
ventional method. In the present specification, "parenterally'* includes' subcutanous injection, intravenous injection, 

45 intramuscular injection, intraperitoneal injection, transfusion and t^ 

eye, lurig, bronchus, nose; : rectum). The prepara^on for injection; such as a sterile aqueous or oily suspension for injec- 
tion, can be prepared using a suitable dispersing agent or a wetting agent and a suspending agent, according to a 
method known in the pertinent field. Tlie sterile preparation for injection may b a sterile injectable solution or suspen- 
sion in a non-toxic diluent or solvert permrtting parerteial adrrt 

so vehicle and solvent which can be used include waler, Ringer solution, isrt 

nonvolatile oil can be generally used as a solvent or a solvent for suspension. For this end; any nonvolatile oil or fatty 
acid can be used, inclusive of natural; synthetic or semi-synthetic fatty oil or fatty acid. -and natural, synthetic or semi^- 
synthetic mono, di or triglycerides: The solid dosage form for oral administration includes the above-mentioned ones 
such as powders, granules, tablets, pills, capsules and the like. In these dosage forms, the active ingredient is admixed 

55 with at least one additive such as sucrose, lactose, cellulose sugar, mannhol, maftitol, dextran, starches, agar, argin- 
ates, kichins, chitosans, pectins, tragacanth gums, gum arable, gelatins, collagens, casein, albumin, synthetic or semi- 
synthetic polymers and glycerides. In these dosage forms, routine additives can be added, which may be inert diluents, 
lubricants such as magnesium stearate. preservatives such as parabens and sorbic acid, antioxidants such as ascorbic 
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acid, a-tocopherol and cysteine, disintegrators, binders, tackifiers, buffers, sweeteners, flavors, perfumes and the like.. 
An enteric coating may be applied to tablets and pills. The liquid agents for oral administration may be pharmaceutical^ 
acceptable emulsions, syrups, elixirs, suspensions, solutions and the like, which may contain inert diluents (e.g., water), 
which are generally used in the pertinent field. 

[0182] The external agent applicable to Compound (I) of the present invention, a pharmaceutically acceptable acid? 
addition salt thereof or a hydrate thereof includes an ointment a paste, a liniment a lotion, a plaster, a cataplasm, an 
eye drop, an eye ointment, a suppository, a fomentation, an inhalant a spray, an aerosol, a paint a nasal drop, a cream, 
a tape, a patch and the like. 

[0183] The external agent of the present invention contains the compound of the present invention in the form of a 
mixture with an organic or inorganic carrier or exctpient and, for example, can be used in the form of a solid, semi-solid 
or liquid pharmaceutical preparation. 

[0184] The compound of the present invention can be mixed with, for example, a non-toxic and pharmaceutically 
acceptable carrier which is usually employed for obtaining an external preparation for topical administration. A earner 
which can be used includes water, glucose .lactose, gum arabic. gelatin, mannrtol, starch paste, magnesium trisilicate, 
talc, corn starch, keratin, colloid silica, potato starch, urea and other carriers which are suitable for preparing a solid, 
semi-solid or solution composition. Further, an adjuvant, a stabilizer, a thickener, a coloring. matter or a flavoring agent , 
can be added. 

[0185] The compound of the present invention as: an active, ingredient of the pharmaceutical composition can be 
contained in an amount enough to exhibit the desired activity depending on the symptom or severity of the diseases. In; 
the case of the treatment of the symptom and diseases induced by imniune disorder, the compound ^ 
invention can be administered by way of a topical administration, an aerosol or a rectal administration in a form of a dos- 
age unit composition which contains pharmaceutically acceptable and non-toxic earner, adjuvant and excipient In the 
treatment of reversible obstructive airways disease, the compound of the present invention is preferably administered: 
to lung by an aerosol in a form of .particularly a powder or a solution.. 

[0186] The amount of the compound of the present invention which can be mixed with a carrier can vary depending, 
on the host to be treated and a specif led dosage form. The specified dose of the specified patient should be determined 
depending on the various factors such as age.body weight, the whole condition of health, sex, meal, time for adminis- 
tration, administration route, rate of excretion, combination of drug and the severity of the specified diseases under 
treatment. (-:■■■■ ■■■ •. • .,. •.- * *■ 

[0187] ., Whenthe compound of the present invention is used in the form of an ointment it is contained in an amount 
of 0.01 to 10 w/w% in the ointment The ointment base which can be used includes oleaginous base (a natural wax such 
as white beeswax or camauba wax, a petroleum wax such as hard paraffin or microcrystal line wax, a hydrocarbon wax 
such as liquid paraffin, white petrolatum or yellow petrolatum, plastibase, zelen 50W; silicone, a vegetable oil, lard, beef 
tallow, a simple ointmem or lead oleate plaster), an emulsion type ointment base (an oil in water type (O/W type) base 
such as a hydrophi lie ointment or a vanishing cream or a water in oil type (W/O type) base such as a hydrophific petro- 
latum, a purified lanolin, aquahole. eucelin, neoselin, an. absorptive ointment, a hydrous lanolin, cold cream, a 
hydrophilic plastibase). a water-soluble base (a maCT (a 
lyogel base, e.g., a hydrogel base such as a non-fat ointment a gelbase or lotion; or a FAPG base (a suspension of a 
microparticle of an aliphatic alcohol such as stearyl alcohol or cetyl alcohol in propylene glycol), and these ointment, 
bases can be used alone or in a combination of not less than two bases. 

[0188] Further, when used as an ointment, the compound of the present invention is dissolved in a solubilizing and 
absorptive accelerating agent and added to the above-mentioned. ointment base. The solubilizing and absorptive accel- 
erating agent to be used means the agent in which the compound of the present invention is soluble at a concentration 
of at least not less tham0.01wA/v% and which can accelerate the absorption of the compound of the present invention 
from skin when formulated as an ointment, and includes a lower alkanediol (e.g., ethylene glycol, propylene glycol or 
butylene glycol), an alkylene carbonate (e.g., propylene carbonate or ethylene carbonate), an sJkanedicam 
ester (e.g., dimethyl adipate, diethyl adipate, diisopropyl adipate, d^ ordipropyl seba- 

cate), a higher alkanoic acid glycerin ester . (e.g.,, monotaurate, dilaurate or trilauratej. a highe^ 
ester (e.g.,, monooleate, dioleate or trioleate), a higher alkanoic- acid alkyl ester (e.g., isopropyl myristate cr ethyl rn^ 
i state), a higher unsaturated alcohol (e.g., geraniol or oleyf alcohol) or an azacycloalkane (e.g., J 1-dodecylazacycIohep-' 
tsTl-2-one). These solubilizing and absorptive accelerating agents can be used alone or in a mixture of not less than two, 
agents, and ean be added at a suff icient amount to dissolve the compound of the present invention. The amount gen- 
erally ranges from 2 parts by weight to 200 parts by weight per one part by weight of the compound of thepreserrt inven- 
tion. The upper amount is Jimited not to deteriorate the physicrcherrrical properties of the 

[0189]^ The ointment which contains the compound of the present invention may contain, in addition to the above- 
mentioned ointment base, other additives such as an emulsifier (e.g., polyoxyethylene hydrogenated castor oil, glycerol 
monostearate, sorbitan sesquioleate or lauromacrogol); a suspending agent (e.g., polyethylene glycol, polyvinylpyrro- 
lidone or sodium carboxymethylcellulose); an antioxidant (e.g., a phenol or a quinone); a preservative (e.g., paraoxy- 
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benzoic acid ester); a humectant (e.g., glycerin, D-sorbitol or propylene glycol); a favoring agent a coloring matter; an 
antiseptic; a higher alkenoic acid (e.g. , oleic acid), and moreover other drugs which are useful for the treatment of a skin 
diseases. When the compound of the present invention is used as ointment the ointment can be prepared by mixing a 
solution containing the compound of the present invention with an ointment base in accordance with a conventional 
5 method: In the process of formulation, not less than one of the adjuvant or additive mentioned above can be simultane- 
ously added to the ointment base. Furthermore, the ointment can be manufactured by dissolving the compound of the 
present invention in the soiubtlizing and absorptive accelerating agent, admixing the obtained solution with the ointment 
base, stirring the obtained mixture under heating, and then cooling the resultant mixture. 

[0190] The ointment containing the compound of the present invention can be used by applying to the affected part 
10 of the skin once to several times (e. g., once to four times) a day. 

[0191] The paste or liniment containing the compound of the present invention can be prepared by using the same- 
base and according to the same method as those of the ointment as mentioned above. 

[0192]' The lotion containing the compound of the present invention means a preparation wherein the active ingre- 
dient compound is homogeneously dispersed or, in some cases, partially dissolved in a liquid medium, and an emufsi- 
75 tier can be added thereto as necessary. In a case where the compound of the present invention is used as a lotion, the 
content may be adjusted to 0.01 to: 10 w/w% of the lotion; 

[0193] The liquid medium to be used inthe lotion containing the conpound of tthe present invention includes wter,^ 
a lower alcohol, a glycol, glycerin or a mixture thereof. Among them, all of the lower alcohols that do not decompose the 
active ingredient compound and are not irritant to skin can be used, and are inclusive methanol, ethanol. isopropyf alco- 

20 hoi, propanol or butanol. The glycol includes ethylene glycol, propylene glycol, butyl ene glycol or mono lower ethers 
thereof. Among these liquid media; water, the lower alcohol or; at mixture thereof is most preferable because these 
media improve the absorption of the acirve ^ mese lquid media prefer- 

ably ranges from 5 parts by weight to 1 000 parts by weigmper one part by weigmc^ the compound of the presert 
.tion. / ' " v.-.-?: ■•- •■ • ■ - . - • . . - • 

26 [0194]: To the lotion containing the compound of the present invention may be added a solubiiizing and absorptive v 
accelerating agent in which the active ingredient compound is soluble at a concentration of at least not less than 0.01 
w/w% and which can accelerate the absorption of the active ingredient compound from the skin when formulated Jnto 
a lotion, and includes an alkanedicarboxylic acid ester (e. g.. dimethyl adipate, diethyl adipate t diisopropyl adipate. die- 
thyl pimelate, diethyl sebacate or dipropyl sebacate) or a higher alkanoic ackJ alkyl ester (e. g.. isopropyl myristate or 

30 ethyl myristate). These solubilizing and absorptive accelerating- agents can be used alone or in a mixture of not less 
than two agents, and the amount generally ranges from 5 parts by weight to 5000 parts by weight per one part by weight 
of the compound of the present invention. The content of ; the solubilizing and absorptive accelerating agent desirably 
ranges from 1 to 30 w/w%. v -v--.— ^ v. 

[0195] The emulsffler for the lotion containing the compound of the present invention is employed for the purpose 

35 of dispersing an insoluble medicine minutely and homogeneously in an aqueous solution, and should be non-toxic to: 
human beings; and includes pharmaceutically acceptable naturaJ emulsifiers arxl synthetic emulsifiers. Various em 
tiers which are derived from animals and vegetables can be used as the natural emulsif ier, and include egg yolk lecithin/ 
soybean lecithin or .;a hydrogenated product thereof, phosphatidyl choline, sphingomyelin, gum arabic or gelatin. Cati- 
onic, anionic or non-ionic surfactants can be used as the synthetic emul srf ier, and preferably include a castor oil sur- 

40 factant, especially an HCO (polyoxyethylene -hydrogenated castor oil) such as HCO-60. HCX)-50; HCCM0. Further, a: 
polyoxy ethyl enesorbrtan aliphatic acid ester such as polysorbate 80, a glycerin aliphatic acid ester such as glycerin 
monocaprylate, a polyethylene aliphatic acid ester such as polyoxyethylene 40 monostearate, a middle chain aliphatic 
acid mono (or di)glyceride (e.g.. C6-C12 aliphatic acid mono (or cfi)glycerides such as caprylic acid diglyceride, caprylic 
acid monc^lyceride or caproiaa^ acid 1 

45 glyceride: •■ •■ 1 ■ ■ '■ " ; " ■ • r s . * - 

[0196]^ The above-mentioned emulsrfiers can be used as the primary emulsifier, and/ if necessary, in combination 
with an auxiliary emulsifier. The auxiliary emulsifier is conventional and non-toxic to human beings, and includes cho- 
lesterol, agar, magnesium hydroxider methylceilulose or pectin. These primary emulsif ier and auxiliary emulsif ier may 
be respectively used alone or in combination?of two or more of them: 

so [0197] The emulsifier is contained in the lotion containing the compound of the present invention in an amount suf- 
ficient to emulsify the compound of the present invention and other additives to be contained, and preferably ranges 
from 0.1 partby weightto 10 parts by weight per one part by weigm of the cornpourtd of the presem invention. 
[0198] T In order toincrease the viscosity, a viscosity-increasing agent may be added tothe lotion which contains the 
compound of the present invention. The viscosity-increasing agent is any . conventional agent which is usually added to 

55 give the viscosity to the liquid and is non-toxic to human beings, and indudes carboxypolymethylene: The viscosityr : 
increasing agent is used when the lotion with a high viscosity is desired When the viscosity-increasing agent is used, 
the content of the viscosity-increasing agent may vary depending on the desired viscosity of the lotion to be used and 
preferably ranges from 0.01 to 5 w/w% ; 
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[01 99] The lotion which contains the compound of the present invention may further contain a solubilizer which is . 
used for the stabilization of the active ingredient compound in an aqueous solution. If necessary, it may further contain 
other additives which are used for the lotion, such as a flavoring agent, a coloring matter, an antiseptic or a higher alke- 
noic acid such as oleic acid, or other drugs which are useful for the treatment of the skin diseases. 

s [0200] - The lotion which contains the compound of the present invention may be prepared by a conventional method 
in this field. The lotion which contains the compound of the present invention can be used by applying to the affected 
part of the skin once to several times (e.g., once to four times) a day. When the lotion has a low viscosity, it can be 
applied by filling a spray vessel with the composition of the lotion and spraying the lotion directly to the skin. 
[0201 ] in case where the compound of the present invention is used in the form of an eye drop or a nasal drop, the 

w solvent to be employed includes a sterile distilled water or, in particular a distilled water for. injection. The concentration 
of the active compound usually ranges from 0.01 to 2.0 w/v%, and may be increased or decreased depending on the . 
aim of use. 

[0202] The eye drop or nasal drop which contains the compound of the present invention may further contain vari- 
ous additives such as a buffer, an isotonic agent; a solubilizing agent, a preservative, a viscosity-increasing agent a 

is chelating agent, a :pH adjustor or an aromatic. . 

[0203] The buffer includes, for example, a phosphate buffer (e.g., sodium dihydrogen phosphate-dtsodium hydro- 
gen phosphate or potassium dihydrogen phosphate-potassium hydroxide), a borate buffer (e.g.. boric acid-borax), a cit- 
rate buffer (e.g.. sodium citrate-sodium hydroxide), a tartrate buffer (e.g.. tartaric acid-sodium tartrate), an acetate buffer 
(e.g. v acetic acid-sodium acetate), a carbonate buffer (e.g:, sodium carbonate-citrate or sodium carbonate-boric acid): 

20 or an amino acid (e.g., sodium glutamate or e -aminocaproic acid). 

[0204]/ The isotonic agent includes a saccharide such as sorbitol, glucose or mannitol, a polyhydric alcohol such as. 
glycerin or, propylene glycol, a salt such as sodium chlorideor borax, or boriciacid andthe like. 
[0205] The solubilizing agent includes a non-ionic surfactant such I as polyoxyethylene sorbrtan monooleate (polys- 
orbate 80), polyoxyethylene mono stearate, polyethylene glycol or polyoxyethylene hydrogenated castor oil and the like. 

25 The preservative includes, for example; a quaternary ammonium sart such as benzaltonium chloride, benzethonium 
chloride or cetylpyridinium chloride, a parahydroxybenzoic acid ester such as methyl parahydroxybenzoate,, ethyl 
parahydroxybenzoate, propyl parahydroxybenzoate or butyl parahydroxybenzoate, benzyl alcohol, phenethyl alcohol, 
sorbic acid or a salt thereof, thimerosal, chlorobutanol or sodium dehydroacetate. . 

.[0206];- The viscosity-increasing agent includes, for example, polyvinylpyrrolidone, hydroxyethyicelluiose. hydroxy- 
30 propylcellulose, methylcellulose, hydroxypropylmethylcellulose, or carboxymethylcellulose or a salt thereof The chelat- 
ing agent includes sodium edetate or citric acid and : the like. The pH adjustor includes hydrochloric acid, citric acid, 
phosphoric acid, acetic acid, tartaric acid, sodium hydroxide, potassium hydroxide, sodium carbonate or sool urn bicar- 
bonate and the like. The aromatic includes t-menthol. borneoi, a camphor (e.g., dl-camphor) or eucalyptus oil and the 
like. - ,'■..>■ , • • . .. ■ • - . ■/. - . -5 

35 [0207]! When the compound of the present invention is used as an eye drop, it may be usually adjusted to from 
about 4.0 to about 8.5 of pH, and when using as a nasal drop, it may be usually adjusted to from about 4:0 to about 8.5 

[0208]? The manufacture of the eye drop and the nasal drop which cort 

can apply a method known ;in each preparation itseff, while depending on the kind of each preparation: 
40 [0209] ~ When the compound of the present invention is used as an eye drop, it may contain an active ingredient in 
a sufficient amount to be able to effectively prevent the eye inflammation, which may vary depending on the symptom 
or the sort of inflammation, and usually ranges from about 5.0 to about 1 000 ug for one administration: It may be admin- 
istered once to several times (e.g., once to four times) a day.:^ • - .*•■ ^ 
[021 0]; The aerosol containing the compound of the present invention means a pharmaceutical preparation which 
45 can be applied at the time of treatment by spraying a solution or a suspension of the active ingredient compound using; 
a pressure of a liquefied gas or compressed gas filled in the same vessel or another vessel. The aerosol can be pre- 
pared by dissolving the compound of the present invention in a purtfied.water.andrif necessary, diss^ 
ing the same solubilizing and absorptive accelerating .agent as mentioned above in the solution, and; if necessary, 
adding an additive such as pH adjuster or antiseptic as mentioned above, and then sealing closely with a valve and 
so compressing the propellant^ . . ?v ; : > .v 

[021 1 ] The propel lant to be used includes dimethyl ether, liquet ied natural gas, carbon dioxide^ nitrogen gas, a sub- 
stituted flon gas and other conventional propellants, 

[0212] The aerosol which contains the compound of the presem invention rrey^ 
l-menthol, a- camphor, methyl salicylate and the like.. 
55 [0213] The inhalant or spray which/contains the conpound ot the presert invention can be prepared a 

the same methods as those mentioned in aerosol, a nebulizer or an inhaler can be used for inhalant and a spraying ves- 
sel can be used for spray. 

[0214] When the compound of the present invention is used as a suppository, the suppository can be prepared in 
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a conventional manner using a conventional base for suppository, and the active ingredient compound is contained in 
the suppository in an amount sufficient to exhibit the pharmaceutical effect which can vary depending on the age or 
symptom of the patient, and preferably ranges from 0. 1 to 60 mg: 

[021 5] The base for suppository of the present invention is the conventional base, and includes an oil and fat from 
s animal and vegetable such as olive oil. com oil, castor oil, cotton seed oil, wheat germ oil, cacao oil. beef tallow, lard, 
wool fat, turtle tallow, squaiane or a hydrogenated oil, an oil and fat from mineral such as petrolatum, white petrolatum, 
hard paraffin, liquid paraffin, anhydrous lanolin or silicone oil, a wax such as jojoba oil, carnauba wax, yellow beeswax 
or lanolin, a partially synthetic or totally synthetic glycerin aliphatic acid ester such as mono, di and triglycerides of a 
middle or higher aliphatic acid such as a straight-chain saturated aliphatic acid (e.g., lauric add, myristic acid, palmitic 
10 acid or stearic acid), or a straight-chain unsaturated aliphatic acid (e.g., oleic acid, linoleic acid or (inolenic acid). The 
commercially available products are exemplified by Witepsol [manufactured by Dynamitnobel Co.; a mixture of mono-, 
di- and triglycerides of C1 2-C1 8 saturated aliphatic add. in more detail, Witepsol H series (e. g., Witepsol H5. H1 2, H1 9, 
H32. H35, H37. H39, H42, H175 or H1 85). Witepsol W series (e.g., Witepsol W25, W31, W35 or W45), Witepsol E 
series (e.g., Witepsol E75, E76; E79 or E85) or Witepsol S series (e.g., Witepsol S52, S55 or S58) are included]; Pilar- 
is masol (manufactured by Nippon Oils and Fats Co.); Isocacao (manufactured by Kao Co.); SB (manufactured by^ 
Kanegafuchi Chemical Co. and Taiyo Yusi Co.; a mixture of mono-, di- and tri-glycerides of C12-C1 8 saturated aliphatic 
acid, in more detail. SB-H, SB-E or SB-AM are included); Nopata (manufactured by HenkeJ AG.); Sapoyer (manufac- 
tured by Gattfords Co.; a mixture of mono-, di- and tri-glycerides of C10-C18 saturated aliphatic acid, in more detail, 
Sapoyer NA, Sapoyer OS, Sapoyer AS. Sapoyer BS, Sapoyer BM or SapoyerDM are included); Masaesthaiinum (man- 
20 ufactured by Dynamitnobel Co.; a mixture of mono-, di- and tri-glycerides of C10-C18 saturated aliphatic acid, in more 
detail, Masaesthaiinum A. AB, B, BB. BC, BGF, C, D, E or BD and Masaesthaiinum 299 are included); or Migriol 810 or 
Migriol 812 (manufactured by Dynamitnobel Co.; a mixture of triglycerides of C8-C1 2 saturated aliphatic acid, in more 
detail, one or more of them may optionally be incorporated when the partially syntheticor totally synthetic glycerin 
aliphatic acid ester as mentioned above are incorporated). Further, other synthetic products such a polyethylene glycol 
25 or polyoxyethylene alcohol can be exemplified. The bases are used in an amount of 25 to 99.9% by weight based on 
the total weight of the suppository. r "V"; 

[021 6] To the suppository containing the compound of the present invention may be added, if necessary! a preserv- 
ative, a stabilizer, a surfactant, an aromatic, a pH adjuster or a purified water. 

[021 7] The suppository containing the compound of the present invention may be in various forms such as a rectal 
30 suppository which is solid at the normal temperature and melts at a body temperature; an ointment or liquid enema 
which can be prepared by dissolving or dispersing the compound of the present invention in a liquid base; a soft capsule 
for the rectal administration; or an injection for the rectaJ adminis^atibn: *" 

[0218]* The manufacture of the suppository which contains the compound of the present invention is carried out 
using a method known in this field: : - ; ' ! 

35 [021 9] While the dose for a certain patient is determined according to age, body weight, general health conditions, 
sex, diet administration time, administration route, clearance rate, combination of drags, degree of the state of the dis- 
ease for which the patient is then undergoing treatments, and other factors. The compound of the present invention, a 
pharmaceuticaily acceptable acid addition salt thereof and a salt thereof show low toxicity and can be used safely. While 
the daily dose varies depending on the condition and body weight of the patient, the kind of compound and administra- 

40 tion route and the like, it is, for example, about 0.01-50 mg^erson/day. preferably 0.01-20 mg/fcerson/day, for parenteral 
administration by a subcutaneous, intravenous or intramuscular route, or through the skin, eye, lung, bronchus, nose or 
rectum, and about 0.01-150 mg/person/dayrpreteraJc^ 0.1-100 mg^eison/day. for oral administration. 
[0220] Compound A useful as a synthetic intermediate for Compound (I) of the present invention is also useful as 
a synthetic intermediate for a compound of the general formula (I I-a) [hereinafter referred to as Compound (ll-a)] t in 

45 which Compound (I) of the present invention's encompassed. 

so R 1a f^-C-(CH2) 2 --^~^-CH-(CH^ < H-a > 

CHapR 48 ^ 

55 wherein m is 0 to 9, preferably 4, and R 1a , R 2a . R 3 * and R 4 * 1 are the same or different and each is a hydrogen, an acyl 
(a straight- or branched chain aikanoyl having 1 to 20 carbon atoms such as formyl, acetyl, propionyl, butyryl, isobutyryt, 
pentanoyl, hexanoyl, heptanoyi, octanoyl, nonanoyl, decanoyl. undecanoyl, dodecanoyl, tridecanoyl, tetrad ecanoyl, 
pentadecanoyl, hexadecanoyl, heptad ecanoyl, octadecanoyl, nonadecanoyl, icosanoyl and the like; a straight- or 
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branched chain aJkanoyl having 2 to 20 carbon atoms which may be substituted by phenyl, such as phenylacetyl, phe- 
nylpropionyl and the like; an aroyl such as benzoyl and the like; a straight- or branched chain aJknxycarbonyl wherein 
the alkoxy moiety has 1 to 20 carbon atoms, such as methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, isopropoxy- 
carbonyl, butaxycarbonyl, isobutoxycarbonyl, tert- butaxycarbonyl, pentyloxycarbonyl, isopentyloxycarbonyl, tert-perrty- 
loxycarbonyl. hexyloxycarbonyl, heptyfoxycarbonyf, octyloxycarbonyl, nonyioxycarbonyl, decyloxycarbonyi, 
undecyloxycarbonyi, dodecyloxycarbonyl, tridecyloxycaitenyl, tetradec^loxy^ hexade- 
cyloxycarbonyl, heptadecyloxycarbonyl, octadecyloxycarbonyl, nonadecyloxycarbonyl , icosyloxycarbonyl and the like; 
aralkyioxycarbonyl such as benzyloxycarbonyi and the like), or an alkyl (a straight- or branched chain alkyl having 1 to 
20 carbon atoms, such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, pentyl, hexyl, heptyl, octyl, nonyl, 
decyl, undecyl, dodecyl, tridecyf, tetradecyi, pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl, icosyl and the 
like) or R 3a and R 4 * may be combined by an alkylene chain which may be substituted by an alkyl having 1 to 4 carbon 
atoms as the above-mentioned, an ary I such as phenyl and the like or an aralkyl such as benzyl and the like, .and Y 1 
and Y 2 are the same or different and each is a hydrogen, an alkyl having 1 to 4 carbon atoms as above-mentioned, an 
alkoxy having 1 to 4 carbon a to m s (methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, tert-butoxy and the like), 
halogen (fluorine, chlorine, bromine, iodine) or hydroxy! group, and as a synthetic intermediate of a compound of the 
general formula (j-c) [hereinafter referred to as Compound (l-c)] 

CHtOR 38 

R 1a R^-C-(CH2)2^ 1— C— (CH2) m -4 ^ (1-C ) ; 




wherein m, R la , R 2 *, R 3 *, R 4 ®, Y 1 and Y 2 are as defined above, which is produced by oxidizing Compound (I l-a) with a 
suitable oxidizing agent. The compound wherein, in the carbon chain at the 2-position of 2-amino- 1,3 -propanediol skel- 
eton, the p-phenylene group in the carbon chain and the phenyl group atthe end of the carbon chain are substituted 
and, in the carbon chain between the said p-phenylene group and the said phenyl group, the carbon atom at the a-posi- 
tion of the p-phenylene group is substituted by a carbonyi group, which is represented by Compound (l-c), shows less 
toxicity, and high safety, and is useful as a superior immunosuppressarrt, like the compound of the present invention.^ 
Compound (I l-a) is useful as a synthetic intermediate of Compound (Ire), also shows less toxicity and higher safety, and 
is useful as a superior immunosuppressant like Compound (l-c). 

[0221] Compound (ll-a) and Compound (l-c) can be produced by reacting and treating a compound of the general 
formula (XXX) [hereinafter referred to as Compound (XXX)] 




M-(CH2)fir-4 (XXX) 



wherein M, m, Y 1 and,Y 2 are as defined above; instead of Compound (IIO in Method A with the amino- and/or hydroxy- 
protected Compound A according to Method A and Method B. Further. by/reacting and treating in the sajTie rnanner. 
using an alkyl halide instead of an acyl halide in Method B, the corresponding amino- and/or hydroxy-alkylated com- 
pound can be produced. Moreover, by reacting and treating in the same manner using Compound (XXX) instead of 
Compound (III) in Method M, Compound (l-c) can be also produced. 

[0222] Compound (lira) and Compound (he) obtained can be converted into an acid addition salt thereof, a hydrate 
thereof and the like in the same manner mentioned above;:- : 

[0223] In Compound (ll-a), a compound of the general formula (H-b) [hereinafter referred to as Compound (I l-b)] 
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CH2OR 3 
R 1 R 2 N-C— (CH2) 2 — \ 
CH2OR 4 



OH 
-CH— (CHa)* 




/ 



(n-b) 



wherein R 1 . R 2 , R 3 and R 4 are as defined above, is preferable and 2-amino-2-(2-(4-(1-hydraxy-5i3henylperrty))phe- 
nyl)ethyl)propane-1,3-diol is particularly preferable. In Compound (l-c). Compound (I) 



CHzOR 3 
R 1 R 2 N-C— (CH2>2 — ^ 




/ 



(!) 



wherein R 1 , R 2 , R 3 and R 4 are as defined above,, is preferable and 2-amino-2-(2-(4-(1-oxo-5-phenylpentyl)phe- 
nyl)ethyl)propane-1 ,3-diol is particularly preferable. 

[0224] Moreover, instead of Compound (XXX). a compound of the general formula (XXXI) [hereinafter referred to 
as Compound (XXXI)] 



M-(CH 2 ) n CH 3 



(XXXI) 



wherein n is a integer of 0 to 12, preferably 6, and M is as defined above, is reacted and treated with amino- and/or 
hydroxy-protected Compound A accorcfing to Method A and Method B [containing the method reacting and treating in 
the same manner using an alkyl halide instead of an acyl halide in Method B], or reacted and treated using Compound 
POOCI) instead of Compound (III) in Method M to produce a compound of the general formula (XXXII) or (XXXIII) [here- 
inafter referred to as Compound (XXXII) and Compound (XXXIII)]f 



CH^OR 38 
I 



R^F^N-C— (CH2) 2 



1 




H2OR 4 



OH 

CH-(CH2)„CH3 



(XXXH) 



or 



CHzOR 3 
I 



R^R^N-C— (CH2> 2 
CH2OR 




C— (CHaJhCH* (XXXIH) 



wherein R 1a . R 2a , R 3a , R 48 and n are as defined above Compound (XXXII) and Compound (XXXIII) obtained are 
respectively show less toxicity and higher safety, and is useful as a superior immunosuppressant, like Compound (0 of 
the present invention. 

Brief Description of Drawings 

[0225] 

Fig. 1 is a graph which shows the results of Experimental Example 12, wherein 



shows the result of com- 
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parative compound 1 , shows the result of comparative compound 2 and shows the result of Com- 
pound (I -a) of the present invention. 

Fig. 2 is a graph which shows the results of Experimental Example 13, wherein — O — .shows the result of control. 
— # — shows the result of comparative compound 1 (10 mg/kg), — A — shows the result of comparative compound 
2 (10 mg/kg) and — ■ — shows the result of Compound (l-a) df the present invention (10 mg/kg). 

Best Mode for Embodying the Invention 

[0226] The present invention is hereinafter explained in detail by illustrating examples, to which the present inven- 
tion is construed not to be limited. Of the symbols used in the formula, Ac is acetyl, Et is ethyl, TBDMS is tert-butyld- 
imethylsilyl. 

Working example 1 : Synthesis of 2-arnino-2-(2-(4-(1-oxo-5-pheriylpertty^ 

(1) Synthesis of diethyl 2-acetamido-2-(2-phenyfethyl)malonate'- 

[02271 

COOB COOB 

I ... I 
AcNH-CH AcNH-C-^CHafe 

COOB COOB 




[0228] To a suspension of sodium hydride (50.6 g) in dimethylfbrmamide (1500 ml) was dropwise added a solution 
of diethyl acetamidomalonate (250 g) in dimethylforamide (200 ml) under ice-cooling, and the mixture was stirred at 
room temperature for 30 minutes. 2-Phenylethyl bromide (156 ml) was dropwise added thereto and the resultant mix- 
ture was;stined for 7 hours at room temperature. The reaction mixture was poured into ice water (1500 ml) and 
extracted with ethyl acetate. The ethyl acetate layer was washed with water, dried overanrrydrous magnesium sulfate 
and the solvent was distilled away. The obtained residue was crystallized from toluene to give the title compound (102 
g) as white crystals, melting point 115-117 °C. 

1 H-NMR(CDCl3) 6 : 1.25 (6H, t, Jo7.3Hz). 1.97 (3H, s), 2.48 (1H, d, J»1 1:2Hz). 2.50 (1 H, d. Jo9.2Hz), 2.69 (1H, d, 
J=9.2Hz), 2.71 (1H, d, J=1 1.2Hz), 4.19 (4H f q, J=7.3Hz), 6.77 (1H, s); 7.13-7.20 (3H, m), 7.20-7.30 (2H, m) 
IR(KBr): 3236. 1745, 1635 cm* 1 
MS(EI): 321 (M*) 



elemental analysis : C17H23NO5 


calculated 
found 


C; 63.54, 
C; 63:44; 


H; 7.21, . 
H; 7.29, 


r N;4.36 
N; 4i44 i 



(2) Synthesis of 2-acetarrudo-1,3-diacetoxy-2-(2rphenylethy0propane 
[0229], ... .j-,. • - . . 



COOB 
AcNH-C— (CH2>2 
COOB 





AcNH-C— <CH^ 
CH^OAc 
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10 



15 



[0230] To a solution of lithium aluminum hydride (11.8 g) in anhydrous tetrahydrofuran (1500 ml) was dropwise 
added a solution of diethyl 2^cetarrrido-2^2i3henylethy0maJonate (50 g) in anhydrous tetrahydrofuran (300 ml) under 
ice-cooling, and the mixture was stirred at room temperature for 2 hours. A saturated aqueous sodium sulfate solution 
(1 50 ml) was dropwise added thereto to decompose lithium aluminum hydride. The precipitate was filtered off with eel it e 
and the solvent was distilled away under reduced pressure to give a pale brown oily substance. This was dissolved in 
pyridine (90 ml), acetic anhydride (70 ml) was added thereto and the mixture was allowed to stand overnight at room 
temperature. The reaction mixture was poured into water and extracted with ethyl acetate. The ethyl acetate layer was 
washed with a saturated aqueous ammonium chloride solution, dried over anhydrous magnesium sulfate and the sol- 
vent was distilled away under reduced pressure. The obtained residue was crystallized from toluene to give the title 
compound (29.3 g) as white crystals, melting point 1 1 6-1 1 7 °C. 

1 H-NMR(CDa 3 ) 6 : 1.96 (3H, s), 2.09 (6H.S), 2.20 (2H. m), 2.64 (2H. m). 4.35 (4H, s). 5.69 (1H, s). 7.10-7.20 (3H, 
m), 7.20-7.30 (2H, m) 
IR(KBr): 3315, 1732, 1652 cm' 1 
MS(EJ): 321 (M+) 



25 



20 


elemental an 


aiysis : C.17H23NO5 






calculated 


C; 63.54, 


H; 7.21, 


N;4.36 




found 


C; 63.37, 


H; 7.30, 


N; 4.35 



(3) Synthesis of 2-acetamido-1.3<Jiacetoxy-2-(2-(4-for 
[0231] 



30 



35 



CH2OAC 

AcNH-C— (CH^fe 
CH2OAC 




CH2OAC 
AcNH-C- 



-<CHa) 2 




CH2OAC 



[0232] To a solution of 2-acetamido-1 ,3-diacetoxy-2-(2-phenylethy0propane (1 0 g) in anhydrous dichloromethane 
40 (150 ml) were added titanium tetrachloride (15.4 ml) and dichloromethyl methyl ether (5.63 ml) under a nitrogen atmos- 
phere at -15 °C. The mixture was stirred at room temperature for 2 hours, poured into ice water and extracted with chlo- 
roform. The chloroform layer was washed with water, a saturated aqueous sodium hydrogencarbonate solution and 
saturated brine, dried over anhydrous magnesium sulfate and the solvent was distilled away under reduced pressure. 
The obtained residue was purified by silica gel column chromatography (eluent; diisopropyl ether: ethyl acetate = 1:1) 
45 to give the title compound (5.1 g) as a white solid, melting point 98-100 °C. 

^-NMRfCDQa) 5 : 1.99 (3H, s). 2.10 (6M, s), 2.25 (2H, m). 2.70 (2H, m), 4.34 (4H, s). 5.82 (1H. s), 7.35 (2H, d. 
J=7.9Hz). 7.80 (2H, d, J=7.9Hz). 9.97 (1 H, s) 
IR(KBr): 3313, 3205, 3082, 1735. 1706. 1652 cm' 1 
so MS(EI): 349 (M+) 



elemental analysis : C-jsH^NOs • 1/5 H 2 0 


calculated 
found 


C;61.25. 
C; 61.40. 


H; 6.68, 
H; 6.70, 


N; 3.97 
N; 3.96 
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(4) Synthesis of 2^cetamido-2-(2-(4-formyipheny0etnyl)propane-1 ,3-diol 

[0233] 




CHzOH 



CHjOH 




CHO: 



75 



20 



[0234] To a solution of 2-acetamido-1 ,3<liacetoDcy-2K2-(4-formylphenyl)ethy0propane (3.4 g) in ethanol (100 ml) 
was added sodium ethoxide (1.46 g) and the mixture was stirred at room temperature for 1 .5 hours. The reaction mix- 
ture was concentrated, poured into ice water and extracted with ethyl acetate. The ethyl acetate layer was washed with ; 
saturated brine, dried over anhydrous magnesium sulfate and the solvent was distilled away under reduced pressure. 
The obtained residue was purified by silica gel column chromatography (eluent; chloroform: methanol = 9:1) to give the 
title compound (1 .7 g) as a pale yellow oily substance. 

1 H-NMR(CDCl3) 8 : 2.00 (2H. m). 2.0T (3H. s). 2.70 (2H, m). 3.70-3.90 (4H f m), 4.45 (2H, brs), 6.36 (1H. s). 7.35 
(2H. d, J=7.9Hz)77:77 (2H. d. J=7.9Hz), 9.94 (1 H, s). 
MS(EI): 265 (M + ) 

(5) Synthesis of 2-acetamido-1 ,3-bis{tert-butyidimetri^ 

[0235] ». . .- s 



30 




CHO 



CH2OTBDMS 

AcNH-C-(C 
I 

CH2OTBDMS 



35 

[0236] To a solution of 2-acetamido-2-(2-(4-fonriytph^ .3<iiol (9.7 g) in dimethyrforrnarnide (1 50 

ml) were added imidazole (5.36 g) and tert-butyfdimetnylchlorosilane (1 1.9 g) and the mixture was stirred at room tem- 
perature for 2 hours. The reaction mixture was poured into water (200 m!) and extracted with ethyl acetate. The ethyl 
acetate layer was washed with saturated brine, dried over anhydrous magnesium sulfate and the;solverrt was distilled ; 
40 away under reduced pressure. The obtained residue was purified by silica gel column chromatography (eluent; hexane: 
ethyl acetate = 4:1) to grve the.ti^^^^ 

1 H-NMR(CDCI 3 ) 6 : 0;07 (12H. P s), 0^7(18H;:s) J=9.9Hz) ; „ 
3:78(2Hid.Jo9,9Hz) f 5.60(1H.s) t 7.36 6 (2H;d f J07.9HZ); 7^78 (2H; di.Jo7.9Hz) i: 9;964(1H/S), v .. 
45 IR(neat): 3365. 3087. 2954. 1702 cm :1 --; - - - 

MS(EI):493(M + ) 



SO 


elemental analysis: C26H47NO4 Si 2 


• 1/5 H 2 0 




calculated 


C; 62.78, 


H.9.60. 


N;2.82 




found 


C; 62.59, 


H; 9.64. 


N; 2.66 



55 
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(6) Synthesis of 2-acetamidc^1 ,3-bis(tert^3utyldimethylsiIyloxy)-2-(2-(4-(1 ^hydroxy-S-phenylpentylJphenylJethyOpro- 
pane 



[0237] 




CH2OTBOMS 
AcNH-C-<CH2) 2 

CHjOTBOMS 

\ 

IDMS-- 




[0238] To a solution of magnesium (0.27 g) in anhydrous tetrahydrofuran (5 ml) was dropwise added a solution of 
HDromo-4-phenylbutane (2.35 g) in anhydrous tetrahydrofuran (5 ml) under a nitrogen atmosphere, and the mixture 
was stirred for 1.5 hours. To this solution was dropwise added a solution of 2-acetamido-l ,3-bis(tert-butyidimethylsily- 
loxy)-2-(2-(4-formylphenyi)ethyl)propane (1.2 g) in anhydrous tetrahydrofuran (1 5 ml) and the mixture was stirred for 1 
hour. 3% Hydrochloric acid was poured into the reaction mixture and the mixture was extracted with ethyl acetate. The 
ethyl acetate layer was washed wrth saturated brine, dried ever anhydrous magnesium sulfate and the solvent was dis- 
tilled away under reduced pressure. The obtained residue was purified by silica gel column chromatography (eluent 
hexane: ethyl acetate -2:1) to give the title compound (1.27 g) as a colorless transparent oily substance. 

1 H-NMR(CDCI 3 ) 5 : 0.06 (12H, s), 0.90 (18H,s), 1.20-1.80 (7H, m). 1.87 (3H, s), 2.05 (2H, m), 2.50-2.60 (4H, m), 
3.61 (2K d, J=9.9Hz). 3.72 (2H. d. J=9.9Hz), 4:55 (1H. t, J=5.9Hz). 5.50 (1H, s). 7.00-7.20 (9H, m) 
IR(neat): 3296 t 3086 f 3062, 1657 cm' 1 
MS(Ef): 570 ((M-AcNH)*) 

(7) Synthesis 2-acetamWo-1 .3-bis(tei1-butyldimethylsfl 

[0239] 

CHjOTODMS <>H 

V- CH2OTBDMS —f' X — • 1 " 



CHjOTBOMS 

AcNH 

CH2QTBOMS 





[0240] To a solution of dimethyl sulfoxide (0.73 ml) in dichloromethane (8 ml) was added oxalyl chloride (0.23 nil) 
under a nitrogen atmosphere at -78 °C. and then 2-acetamido-1 t 3^fS(tert-lxitv^^ 

phenyiperityf)phenyi)ethyl) propane (1.1 g) in dichloromethane (7 ml), and the mixture was stirred at said temperature 
for 1 hour. Then, triethylamine ( 1 .2 ml) was added thereto and the temperature of the mixture was raised to room tern- 
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10 



perature. The reaction mixture was poured into water and the rnixture was extracted with chloroform. The chloroform 
layer was washed with saturated brine, dried over anhydrous magnesium sulfate and the solvent was distilled away 
under reduced pressure. The obtained residue was purified by silica gel column chromatography (eluent; hexane: ethyl 
acetate= 4:1) to give the title compound (0.91 g) as a colorless transparent oily substance. 

1 H-NMR(CDCl3) 6 : 0106 (12H. s). 0.90 (18H, s). 1.65-1.85 (4H, m). 1.95 (3H. s). 2.14(2H, m), 2.60-2.70 (4H, m). 
2.95 (2H, t, Jr=7:3Hz), 3.66 (2H. d, J=9.3Hz), 3.78 (2H, d. J=9/3Hz), 5.58 (1H, s), 7.10-7.20 (3H, m) f 7.20-7.30 (4H, 
m), 7.84 (2H, d, J=8.6Hz) 
IR(neat): 3313, 1741. 1684 crrr 1 
MS(EI): 568 ((M-AcNH)"*) 



15 



elemental analysis : C^H^NC^ Si 2 ■ 1/2 H 2 0 


calculated 
found 


C; 68.09, 
C; 68.05, 


H; 9.52, 
H; a54, 


N; 2.21 
N; 2:19 * 



20 (8) Synthesis of 2-amino-2-(2-(4-(1 -oxo-5-phenylperrtyl)phenyl)ethyl)propane-1 ,3-diol 
[0241J* • 



25 



30 



35 



CH2OTBDMS 

1DMS 





-(CHa) 4 



[0242] To a solution of 2-acetamido-1,34>is(tert43UtyWime^ 

nyl)ethyl)propane (6.9 g) in tetrahydrofuran (10 ml) was added a solution of tetra-n-butylammonium fluoride (1.2 g) in 
tetrahydrofuran (5 ml) under ice-cboling/and the mixture was stirred at room;temperature for 1 hour. The reaction mix- 
ture was pound into water and extracted with ethyl acetate. The ethyl acetate layer was washed with saturated brine- 

45 dried over anhydrous magnesium sulfate and the soh/ent was distilled away under reduced pressure ^^to 

mido-2-(2-(4-(1 -oxo-5-phenyIpentyl)pheny0ethyl)propane-1 ,3-diol as a residue. The obtained residue was dissolved in 
water (5 ml) - methanol (5 ml) - tetrahydrofuran (3 ml), and -lithium .hydroxide mpnohydrate (0:3 g) was added thereto. 
The mixture was ref I uxed under heating f or 1 .5 hours. The reaction mixture was poured into water and extracted with 
ethyl acetate. The ethyl acetate layer was washed wrth saturated brine, dried over, anhydrous magnesium sulfate and 

so the solvent was distilled away under reduced pressure to give a white solid. The obtained white solid was recrystallized 
from ethanol-ethyl acetate-hexane to give the title compound (220 mg) as white crystals, melting point 126-127 °C. 

1 H-NMR(CDCl3) 8 : 1.60-1.80 (6H, m), 2.00 (4H, brs). 2.60-2.75 (4H. m), 2.95 (2H, t, J=7.2Hz), 3.50-3.65 (4H, m). 
7.10-7.15 (3H, m), 7.20-7.25 (4H. m), 7.86 (2H, d, Jo7.9Hz) 
55 IR(KBr): 3349, 3290, 3025,1678 cm' 1; - - : ; : 

MS(EI):-.355-(M^)-^ 4 • — - : \.^- 
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elemental analysis : C22H29NO3 


calculated 
found 


C; 74.33, 
C; 74.17, 


H; 8.22, 
H; 8.29. 


N; 3.94 
N; 3.87 



10 Working example 2: Synthesis of 2-amino-2-(2-(4-(1 ^o-5-phenylpentyl)phenyl)ethy0propane-1 ,3-diol (other method) 
1 (1 ) Synthesis of 4-(2-bromoethyl)benzaldehyde 
[0243] 



15 



Br-iCHafe 



-o 



CHO 



20 



26 



30 



[0244] To a solution of dichloromethyi methyl ether (62 ml) in methylene chloride (400 rrtf>w^ 
rachloride (75 ml) over 10 minutes under a nitrogen atmosphere at 4-5 °C. Then, a solution of phenethyl bromide (85 
ml) in methylene chloride (50 ml) was added thereto over 50 minutes at 5-7 °C and the mixture was stirred for 5 hours 
while gradually raising the temperature of the mixture to room temperature. Water (200 ml) was added to the reaction 
mixture over 1 hour and the mixture was extracted with chloroform(200 ml). The chloroform layer was washed with 
water, a saturated aqueous sodium bicarbonate solution and saturated brine, dried over anhydrous sodium suHate and" 
the solvent was distilled away under reduced pressure to give a brown oily substance (167 g). The obtained brown oily 
substance was purified by silica gel column chromatography (el uent; hexane: ethyl acetate=20:1) to give 4-(2-bromoe- 
thyl)benzaldehyde (32.3 g) as a yellow solid, melting point 50-52 °C. 

1 H-NMR (270 MHZ/CDCI3) 8 : 3.25 (2H; t, J=7.3 Hz), 3.61 (2H, t J=7:3 Hz). 7.39 (2H, d, J=7.9 Hz), 7.84 (2H, d, 
J=7.9 Hz), 9.99 (1H. S) " ^ 

MS (El) m/z 213 (M+) 

(2) Synthesis of 1-[4-(2^romoethy0pheny0-5-phenyfpentan-1-crf 

[0245] 



40 




OH 



45 



50 



[0246] To a solution of magnesium (4.4 g) in .tetrahydrofuran (20 ml) was added dibromoethane (1 .6 ml) under a 
nitrogen atmosphere, and the mixture was stirred for 10 minutes. To the reaction mixture was added a solution of 1- 
bromo-4-phenylbutane (38.8 g) in tetrahydrofuran (30 ml) over 30 minutes, and the mixture was stirred for 40 minutes. 
The obtained Grignard reagent was dropwise added to a solution of 4^2-bromoetrry0b«izaldehyde (32.3 g) in tetrahy- 
drofuran (250 ml) under ice-cooling over 30 minutes and the mixture was stirred at room temperature for 2 hours. To the 
reaction mixture was added a saturated aqueous ammonium chloride solution (200 ml) under ice-cooling, and the mix- 
ture was extracted with ethyl acetate (200 ml). The ethyl acetate layer was washed with saturated brine, dried over 
anhydrous magnesium sulfate and the solvent was distilled away under reduced pressure to grve a ibrown oily sub- 
stance (70.5 g): The obtained brown oily substance was purified by silica gel column chromatography (eluent hexane: 
ethyl acetate^ 10:1) to give l-[4^(2-bromoethy0phenyI]-5-phenylpentan-1-or(32 g) as a yellow oily substance. 

1 H-NMR (270 MHZ/CDCI3) 8 : 1 .30-1 .90 (7H, m), 2.59 (2H, t, J=7.3 Hz), 3.15 (2H. t, J=7.3 Hz), 3.55 (2H, t, J=7.3 
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Hz), 4.65 (1H. dt J=2.0, 5.3 Hz). 7.10-7.20 (5H, m). 7.20-7.35 (4H, m) 
MS (El) m/z330((M-17) + ) 

(3) Synthesis of 1 -{4-(2-bromoethy0phenyl]-5-phenyipentan-l -one 

[0247] 




[0243] To a solution of dimethy sulfoxide (12.7 mi) in methylene chloride (320 ml) was added a solution of oxalyl 
chloride (7.7 ml) in methylene chloride (320 ml) over 10 minutes under a nitrogen atmosphere at -68 to -65 °C, and the 
mixture was stirred at the said temperature for 10 minutes. Then, a solution of 1-[4-(2-bromoethyl)phenyf]-5-phenylpen- 
tan-1-ol (20.7 g) in methylene chloride (80 ml) was added -thereto at -68 to -65 °C over 20 minutes and the mixture was 
stirred at the said temperature for an hour. Triethylamine (41 .6 ml) was further added thereto over 10 minutes at the said 
temperature and the mixture was stirred for 2.5 hours while raising the temperature of the mixture to 0 °C gradually. The 
reaction mixture was washed with water (100 rnl) and saturated brine (100 ml), dried over anhydrous sodium sulfate and 
the solvent was distilled away under reduced pressure to give a brown oily substanca The obtained brown oily sub- 
stance was purified by silica gel column chromatc^apriy.(eluerrtrh 
thy0phenyfl^5^henylpentan-1-one(18.2.g) as a yellow oily substance.. 

1 H-NMR (270 MHz/CDCy 6 : 1.65-1.90 (4H, m), 2.67 (2H, t, J = 7.3 Hz), 2.97 (2H, t. J = 7.3 Hz), 3.22 (2H, t J = 
7.3 Hz), 3.59 (2H, t, J = 7.3 Hz), 7.1 5-7.20 (3H. m), 7.20-7.35 (4H, m), 7.90 (2H, d, J = 7.9 Hz) 
MS (El) m/z 345(M+) 

(4) Synthesis of H4^2-iodoethy0pheny0-5-phenylpentan-1-one 

[0249] 




[0250], A solution of 1-[4-(2-bromoethyl)phenyl]-5-phenylpentan-1 -one (18.2 g) and socSum iodide (9.5 g) in 2- 
butanone (.180 ml) was stirred at 60 °C fdr> 3.5 hours.. The reaction mixture was poured into water and extracted. with , 
ethyl acetate. The organic layer was washed with saturated brine, dried over anhydrous sodium sulfate and the solvent 
was distilled away under reduced pressure to give a brown oily substance (19.2 g). The obtained brown oily substance 
was purified by. silica gel column chromatography, (eluert; hexane: ethyl acetate= 20:1) to give 1 r[4-(2-iodoethy0phe- 
nyl]-5-phenylpentan-1-one (17.2 g) as a yellow oily substanca - 
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1 H-NMR (270 MHz/CDCI 3 ) 8 : 1.65-1.85 (4H, m), 2.67 (2H. t, J = 7.3 Hz), 2.97 (2H, t, J = 7.9 Hz), 3.23 (2H, m). 3.36 
(2H, m), 7.10-7.20 (3H. m), 7.20-7.35 (4H, m), 7.90 (2H, d, J = 8.6 Hz) 
MS (El) m/z 392(M+) 

IR (neat) cm' 1 : 3025. 2935, 2858. 1684, 1571 
(5) Synthesis of diethyl 2-acetamido-2^2-[4-(1-oxo-5-pherTylp^rrtyl)ph 
[0251] 



I 



cooa 

AcNH-C-iCHaJz 




[0252] A solution of diethyl 2-acetamidomaionate (30.6 g), sodium ethoxide (7.6 g) and molecular sieves 3A (5.5 g) 
in ethanol (80 ml) was stirred at room temperature for 20 hours. A solution of 1 -[4-(2-iodoethyl)ph enyi]-5-phenyiperrtan- 
1 -one (1 8.4 g) in tetrahydrofuran (60 ml) was added thereto over 1 0 minutes and the mixture was refiuxed under heating 
for 15 hours. The reaction mixture was poured into water (200 ml) and extracted with ethyl acetate. The organic layer 
was washed with saturated brine, dried over anhydrous magnesium sulfate and the solvent was distilled away under 
reduced pressure to give a brown oily substance (40 g). The obtained brown oily substance was purified by silica gel 
column chromatography (eluent; hexane: ethyl acetate* 2:1) to give diethyl 2-acetamido-2-{2-[4-(1-oxo-5-phe- 
nylpentyl)phenyl]ethyl}malonate (13.8 g) as a pale yellow oily substance. 

1 H-NMR (270 MHz/CDCy 8 : 1:25 (6H, \ J = 7:3 Hz). 1 .65-1 :85 (4H, m). 1.98 (3H, s), 2.50-2.60 <2H; m). 2.65-2.80 
(4H, m). 2.90-3:00 (2H, m), 4.15-4.30 (4H, m), 6.78 (1H, s). 7:15-7.30 (7H, m), 7.84 (2H. d. J » 8.6 Hz) 
MS (El) rrvz 482 (M+1) + 

IR (neat) cm- 1 : 3381, 2981, 2937, 1739; 1681. 1606 
(6) Synthesis of dietliyl 2-acetamido-2- : {2-[4 i (1 ,1 -ethylenedioxy-5^phenylpentyi)phen^ 
[0253]. • 



COOB 
AcNH-C— <CHj) 2 
COOB 



cooa 



AcNH-C— (CHjfe 

riooa 




[0254] A solution of diethyl 2-acetamidc-2^2-[4-(1-oxo-5-pheriy^ (13.5 g). ethylene 

glycol (3.1 ml) and p-toluenesutfbnic acid (0.53 g) in benzene (135 mf) was refiuxed under heating for 20 hours, while 
dehydrating with Dean-Stark trap. The reaction mixture was treated with triethylamine (2.4 ml) and ethyl acetate (200 
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ml) was added thereto. The mixture was^washed with water and saturated brine, dried over anhydrous sodium sulfate 
and the solvent was distilled away under reduced pressure to give a pale yellow oily substance (15.9 g). The obtained 
pale yellow oily substance was purified by silica gel column chromatography (eluent; hexane: ethyl acetate** 1 :1) to give 
diethyl 2-acetamidor2-{2-[4-{1,1-ethylenedio^ (14.1 g),as a colorless transpar- 

5 ent oily substanca 

1 H-NMR (270 MHz/CD CI3) 8 : 1.25 (6H. t, J = 7.3 Hz), 1 .30-1 .45 (2H, m), 1.50-1.60 (2 H, m), 1 .85-1 .95 (2H. m), 
1.98 (3H, s), 2.45-2.60 (4H. m), 2.65-2.65 (2H. m), 3.70-3.75 (2H, m), 3.95-4.00 (2H, m), 4.15-4.30 (4H. m), 6.77~ 
(1H, s), 7.05-7.25 (7H. m). 7.33 (2H, d, J = 8.6 Hz) 
10 MS (El) m/z 525(M+) 

IR (neat) cm" 1 : 3410, 2942, 1739. 1683. 1496 

(7) Synthesis of 2-acefaniido-2^^4-(1,1-ethylen 

15 [0255] 

cooet 
I 

AcNH-C— (CHzfe 

20 iooa 



25 



30 ■<■■. ^ .•■.;v:;?r . 

[0256] : . To a solution of lithium aluminum hydride (2.0 g) in tetrahydrofuran (1 00 ml) was dropwise added a solution 
of diethyl 2-acetamido-2-{2-[4-(1 ,1-ethylenedic*yr5-phenyjperrty0ph in tetrahydrofuran (50 

ml) at 3-13 °C over 30 minutes, and the mixture was stirred at room temperature for 2 hours. To the reaction mixture 
35 was dropwise added a saturated aqueous sodium sulfate solution (27ml), and the mixture was stirred at room temper- 
ature for an hour, The precipitate was filtered trough celrte arid the filtrate was concentrated under reduced pressure to 
give a colorless transparent oily; substance (11. 7 g). The obtained coioriess transparem oily subst 
silica gel column chromatography (eluent; chloroform: methanol* 20:1) to give 2-acetamido-2-{2-[4-(i.1-ethylenedioxy- 
5-phenylpentyj)phenyI]ethyQprppane-1,3-diol (5.8 g) as a colorless transparent oily substance. 

40 

1 H-NM R (270 MHZ/CDQ3) 6 : 1 .30-1 .45 (2H. m), 1.50-1.65 (2H; m), 1 .80-2.00 (4H, m), 1.96 (3H. s). 2.54(2H, m), 
2.64 (2H, m). 3.55-3.65 (2H; ;m). 3.70^3.80 (2H. m), 3.80-3.90 (2H, m). 3:95-4:05 (2H. m), 5.98 (1H, s), 7.05-7.25 
(4H, m), 7.10-7115 (3H, m), 7.20-7.25 (7H. ; m). -7.35.(2H. d, J = 8.6: Hz)? y : ... ^ > 
MS (EI) m/z 441 (M+) 

45 I R (neat) cm" 1 : 3323, ,2945. 1 652 v - : 



50 




55 
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(8) Synthesis of 2-amino-2-{2-[4-(1-oxc-5-pheiiylpentyl)pher^ 

[0257] 



5 



10 



15 




20 [0258] A solution of 2-acetamido-2-{2-[4-(1 , 1 -ethylenedioxy-5-pheny!pentyl)phenyl]ethyl}propane-1 ,3-diol (5.5 g), 
concentrated hydrochloric acid (7 ml) and water (20 ml) in tetrahydrofuran (200 ml) was refluxed under heating for 7 
hours. The mixture was adjusted to pHl2 with 1 N sodium hydroxide and extracted with ethyl acetate. The organic layer 
was washed with saturated brine, dried over anhydrous sodium sulfate and the solvent was distilled away under 
reduced pressure to give a yellow solid (4.7 g). The obtained yellow solid was purified by silica gel column chromatog- 

25 raphy (eluent: chloroform: methanol = 9:1 ) to give a white solid (3.76 g). The obtained white solid was crystallized from 
ethyl acetate and the obtained crystals were recrystallized from ethyl acetate-ethanol to give 2-amino-2-(2-(4-(1 -oxo-5- 
phenylpentyl)phenyl)ethy0propane-1 ,3-diol (2.34 g) as white crystals, melting point 126-127 °C. 

1 H-NMR (270 MHZ/CDQ3) 6 : 1.60-1.80 (6H. m). 2.00 (4H, brs). 2.60-2.75 (4H, m), 2.95 (2H f t J - 7.2 Hz), 3.50- 
30 3.65 (4H, m), 7.10-7.15 (3H. m). 7.20-7.25 (4H, m). 7.86 (2H, d, J = 7.9 Hz) 

MS (EO nvz 355(M*) 
IR (neat) cm' 1 : 3349. 3290, 3025, 1678^ 



elemental analysis : C22H29NO3 


calculated , 
found 


C, 74.33; 
C. 74.35; 


H.8.22; 
H. 8.38; 


N.3.94 
N, 3.86 



Working example 3: Synthesis of 2-acetamido-1 ,3-diacetoxy-2-(2-(4-(1 -oxo-5-phenyiperrtyf)pheny0ethy0propane 

[0259] 2-Acetamido-2-(2-(4-(1-cxo-5-p^ in pyridine, acetic 

45 anhydride is added thereto under ice-cooling and the mixture is allowed to stand at room temperature. The reaction mix- 
ture is poured into an aqueous hydrochloric acid solution and extracted with ethyl acetate. The organic layer, is washed 
with an aqueous potassium hydrogencarbonate solution and saturated briner dried over anhydrous magnesium sulfate 
and the solvent is distilled away. The residue is purified by silica gel column chromatography to give 2-acetamido-1,3- 
diacetoxy-2-(2-(4-(1 -oxo-5-phenylpentyl)pheny0ethyi)propane. 

50 
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Preparation example 1 : Synthesis of 2-anrono-2-(2-(4-(1 -oxo-6-phenylhexy1)phenyJ)ethyl)propane-1 ,3-diol; 

(1 ) Synthesis of 2-acetamido-1 ,3-bis(tert-butyIdimethylsilyioxy)-2-(2-(4-(1 -hydroxy^phenylhexyOphenyOethyOpropane 

[0260] 

CHjOTBDMS 
AcNH-C— (CH^ 



CHjOTBOMS 
CHjOTBOMS 



[0261] 2-Acetamido-1,3-bis(tert-butyldimetn^ 1-bromo-5- 
phenylpentane (4;1 g) were reacted and treated in the same^manner^as in V\toridng example 1 (6) to give. the title com- 
pound (2.7 g), as a pale yellow oily substance. 

1 H-NMR(CDCl3) 8: 0.06 (12H, s), 0.84 (1 8H, s), 1 .20-1 .80 (9H, m), 1 .87 (3H f s). 2.04 (2H i: m) ( 2.49-2.56 (4H, m) u . 
3.61 (2H, d, J=9.2Hz), 3.72 (2H, d. J=9.2Hz), 4.54 (1H, t, J=6.6Hz), 5.50 (1H, s). 7.07-7.1 1 (5H. m). 7.15-7.23 (4H, 

m)V. ' - . ^:\- . .. r -v :. ... ' . *. • • ' - ■ • 1 ■ : - 

MS(EI):584((M-AcNMn 
(2) Synthesis of 2-acetamido-1 ,3-bis{tert4xityldimethylsilyloxy)r2-{2-(4-(1 -axo^pheriyihexyQpheriy^ 

[0262] 




AcNH-C^CHa^ 



CHjOTBDMS 



CHjOTBOMS 

-A 




DTBDMS 

[0263] 2-Acetarrodo-1,3-bis(tert-but^ 

g) was reacted and treated in the same manner as in Working example 1 (7) to give the title compound (2.1 g) as a pale 
yellow oily substance. 

1 H-NMR(CDCl3) 5 : 0.06 (12H, s). 0.83 (18H. s). 1.35 (2H. m), 1.54-1.75 (4H f m); 1,89 (3H.S), 2.06 (2H. m). 2.53- 
2.62 (4H. m). 2.86 (2H, t J=7.3Hz). 3.60 (2H, d, J=9.2Hz). 3.71 (2H f d, J=9.2Hz), 5.52 (1 H, s). 7,07-7.1 1 (3H, m),. 
7.12-7,23 (4H, m), 7.78 (2H/d, J=8.6Hz) 
IR(neat): 3311. 2952, 2929, 1683. 1657 cm" 1 
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MS(EI): 582 ((M-AcNH) + ) 



elemental analysis : C3 7 H 61 N0 4 Si 2 * 1/5 H 2 0 


calculated 
found 


C; 68.96, 
C; 68.99, 


H; 9.60. 
H; 9.72, 


N; 2.17 
N;2.20 



(3) Synthesis of 2-amino-2-(2-{4-(1 -Qxo-6-phenylhexyl)phenyl)ethy0propane-1 ,3-diol 
[0264] 



CH2OTBDMS 
AcNH-C— (CHafc 

CW2OTBDMS 




CHjOH 
HaN-C-CCHih 
CHjOH 





[0265] 2-Acetamido-1 ,3-bis(tert-butyidimethylsilyloxy)-2-(2-(4-(1 -oxo-6-phenylhexyl)phenyl)ethyi)propane (2:0 g) 
was reacted and treated in the same manner as in Working example 1 (8) to give the title compound (31 0 mg) as a white 
crystal substance, melting point 1 18-120 °C. 

1 H-NMR(CDCI 3 ) 8 : 1.42 (2H, m), 1.61-1.81 (6H, m). 2.00-2.30 (4H, brs). 2.62 (2H, t J=7.3Hz), 2.70 (2H t m), 2.92- 
(2H. t J=7.3Hz), 3.52 (2H, d. J»10.6Hz). 3.61 (2H, d, J=10.6Hz), 7.14-7.18 (3H, m), 7.19-7.29 (4H, m). 7.86 (2H, 
d, J=8.6Hz) 

IR(KBr): 3352, 2933, 1676 cm" 1 
MS(EI): 369 (M+) 



elemental analysis : C23H 31 03 • H 2 0 


calculated 
found 


C; 71.29. 
C; 71 .50. 


H; 8.58. 
H; 8.32. 


N;3.61 
N;3.58 
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Preparation example 2: Synthesis of 2-amino-2-(4K1-oxo-7i3henyto^ 
(1) Synthesis of 2-acetamido-1,3-tos(tert4xityldim 

pane . ....... 

[0266]- . rr:;.-- ^..V"- " 



10 



3TB0MS 




CHO 



75 



20 



CH2OTBOMS 

AcNH-C— (CHah 

^HjOTBDMS 



OH 




[0267] 2-Acetamido-1.34>is(tert-bu^ (3.0 g) and T-bromo-6- 

phenyihexane (3.1 g) were reacted and treated in the^same manner as ^Working example 1(6) to give the title com- 
25 pound (2.6 g) as a pale yellow oily substance. 1 

1 H-NMR(CDCl3) 8 : 0.06 (12H, s). 0.84 (18H, s). 1.20-2.10 (16H, m). 2.45-2.55 (4H, m), 3.64 (2H, d. J=9.2Hz), 3.72 
(2H, d, J=9.2Hz), 4:55 (2H, t. J=6.6Hz), 5.50 (1H; S), 7.05-7;20 (9H, m) 
IR(neat): 3304, 3086, 3026, 2929, 1741 cm' 1 
30 MS(EI): 656 (M*K .v •.■.«*'- r^r.^-y.- < «>■-: - ;:■ -7' av-lV:-*- . : -v.. ' - 

(2) Synthesis of 2-acetamido-1 ,3-bis(tert-biityldimethylsilylQxy)-2-(2-(4-(1 -oxo-7i3henylheptyl)pheriy0e*hyl)propane 



35 



40 



45 



[0268]; 



CHsOTBOMS 
AcNH-C— (CH^ 2 




AcNH-C— (GH^i 



CH-fCH^e 





5a 



55 



. [0269] 2-Acetamido-1 ,3-bis(tert-butyldimethylsilyloxy)-2-(2-(4-(1 -hydrcocy-7-phenylhepty0pheny0ethy0propane 
(2.2 g) was reacted and treated in the same manner as in Working example 1(7) to give the title compound (1.8 g) as a 
colorless transparent oily substance. 

1 H-NMR(CDCl3) 5 : 0.06 (12H, s), 0 84 (18H, s). 1.25-1.35 (4H; m) , 1.501.75 (4H, m), 1.89 (3H, s). 2.07 (2H, m). 
2:50-2.65 (4Hj m). 2.85 (2H, t J=7.3Hz), 3.60 (2H, d, J=9;2Hz). 3.71 (2H, d. J=9.2Hz), 5.52 (1 H, s). 7.05-7:15 (3H. 
m), 7.18-7.24 (4H, m). 7.79 (2H, d. J=7.9Hz) 
IR(neat): 3313, 2929, 2856, 1684; 1606 cm: 1 
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15 



20 



25 



elemental analysis : C38H53NO4 Si 2 • 1/5 H 2 0 


calculated 
found 


C; 69.40, 
C; 69.12, 


H; 9.72. 
H; 9.65. 


N; 2.13 
N;2.02 



(3) Synth. 
[0270] 



of 2-amino-2-(2-(4-(1-oxD-7-phenylheptyl)phenyl)ethyl)propane-1 ,3-diol 



CH2OTBDMS 
CHjOTBDMS 



CH2OH 
CHjOH 






30 [0271] 2-Acetamkio-l,3^is(tert-butyld^ (1.8 g) 

was reacted and treated in the same manner as in Working example 1 (8) to give the title compound (390 mg) as a white 
crystal substance, melting point 121-122 °C. 

1 H-NMR(CDCI 3 ) 6 : 1 . 30-1. 45;(4H,m), 1.55-1.75 (6H, m), 2.00-2.20 (4H, brs), 2.60 (2H, t J=7.9Hz), 2.71 (2H, m), 
35 - 3.52 (2H, d, J«10.6Hz), 3.61 (2H. d, J=10.6Hz), 7.13-7.20 (3H, m), 7.20-7.30 (4H, m). 7.86 (2H, d, Jo8.6Hz) 
IR(KBr): 3288. 2929. 2854, 1 676 cm' 1 
MS(EI): 383 (IvT) 
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50 



elemental analysis : C24H33NO3 • 1/5 H z O 


calculated 
found 


C; 74.46. 
C; 74.54, 


H; 8.70. 
H;8.77. 


N; 3.62 
N; 3.58 



Formulation example 

(1) Tablets . " 

[0272] A tablet containing a compound of the present invention and having the following formulation is produced. 



55 



Compound (I) 


Img; 


Lactose 


90 mg 
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(continued) 



Crystalline cellulose 


25 mg 


Magnesium stearate 


4 mg 



(2) Soft capsules (per capsule) 
[0273] 



Compound (I) 


30 mg 


Polyethylene glycol-300 


300 mg . 


Polysortoate 80 


20 mg 



Production method 

20 [0274] Polyethylene glycol-300 and polysorbate 80 are added to a compound of the present invention and the mix- 
ture is packed in a soft capsule. 

(3) Injections (per 10 mi in an ampoule) ^ 

25 [0275] 



30 



35 



Compound (I) 


0.3% 


Polyethylene glycol-300 


20% 


Ethanol 


60%. 


Injectable distilled water 


amount to make the total 1 0 ml 



Production method 



[0276] Ethanol and polyethylene glycol-300 are added to a compound of the present invention and injectable dis- 
till ed water is added to reach the total volume. 
40 [0277] Injections containing 30 mg of the compound of the present invention in an ampoule (10 ml) are thus 

obtained. — - y. *r~~ ... ? r"" 

(4) 5% Ointment: • ' • "- ' ' 1 "• — * " - - z ' 

45: [0278] — -^i.. — ~ 



Compound of the present invention 
Hydrophilic petrolatum 



1g 

I9,g> 



Production method 



55 [0279] A compound of the present invention (1 g) is dissolved in 1 9 g of hydrophilic petrolatum under heating at 60 
°C, and the mixture is cooled with stirring to prepare an ointment containing 5% of the compound of the present inven- 
tion. 
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(5) 5% Ointment 
[0280] 




10 



is 



20 



25 



Production method 

[0281 ] A compound of the present invention (1 g) is mixed well with 1 9 g of plastibase (hydrocarbon gel) in a mortar 
for 30 minutes to prepare an ointment containing 5% of the compound of the present invention. 

(6) Suppository 

[0282] 



Compound of the present invention 
WrtepsolH15 



30 mg 
72.47 g 



Production method 



[0283] Witepsol H15(72.47 g) is melted at 40 °C and a compound of the present invention (30 mg) is added. The 
mixture is stirred to disperse the compound. The homogeneous mixture is filled in a container at a weight of 725 mg 
30 each to prepare a suppository containing 0.3 mg of the compound of the present invention in 725 mg of the suppository. 

(7) Eye drop 

[0284] 

35 . 





Compound of the present invention 


0.2 g 


40 


Polyvinyl alcohol 


0.2 g 




Polyoxyethylene hydrogenated castor oil 60 


0:1-0 1 




Disodium hydrogen phosphate 


0.5 g 




Sodium di hydrogen phosphate 


0.1 g 


45 


Sodium chloride 


0.8 g 




Benzethonium chloride 


0.007 gs 




Sterile purified water 


amount to make the total 100 ml 



so 



55 



Production method 

[0285] To 70 ml of sterile purified water is added 0.2 g of polyvinyl alcohol and the mixture is dissolved by heating 
at 70 °C with stirring. In the solution is dispersed homogeneously 0:1 g of polyoxyethylene hydrogenated castor oil 60. 
and then the mixture is cooled to room temperature, in this solution are dissolved 0.2 g of a compound of the present 
invention, 0.5 g of disodium hydrogen phosphate, 0.1 g of sodium dihydrogen phosphate, 0:8g of sodium chloride and 
0.007 g of benzethonium chloride. To the solution is added sterile purified water to make the total volume 100 ml to pre- 
pare an eye drop containing the compound of the present invention. 
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(8) Nasal drop 
[0286] 



Compound of the present invention 


0.4g. 


Sodium citrate 


0.2 g^. 


Polysorbate 80 


qAq 


Glycerin 


2.6g 


Benzethorrium chloride 


0.007 g 


Sterile purified water 


amount to mate the total 1 00 ml 



Production method 

[0287] In 70 ml of sterile purified water are dissolved 0.4 g of a compound of the present invention, 0.2 g of sodium 
20 citrate, 0.1 g of polysorbate 80, 2.6 g of glycerin and 0.007 g of benzethonium chloride. To the solution obtained is 
added sterile purified water to make the total volume 1 00 ml to prepare a nasal drop containing the compound of the 
present ' -• .' ■* ".'..^."^ 

(9) 2% Lotion * - 

25 

[0288] v , / 









30 . ' - '• ■ 


Compound of the present invention 


100 mg; 




Isopropyi myristate 


1 ml 




Ethanol 


4 ml 



35 

Production method 



[0289] To 100 mg of a compound of the present invention are added 1 ml of isopropyi myristate and 4 ml of ethanol 
to dissolve the compound at room temperature to prepare a lotion containing 2% of the compound of the present inven- 
40 tion. r>-J 

[0290] The action and effect of the present invention are explained in detail by illustrating experimental examples in 
the following. , 

[0291] For determining the immunosuppressive activity, various immune reactions ^can be measured using lym- 
phocytes of mouse, rat or human. The immunosuppressive activity may bedetenninedjwith high sensitivity, for exam- 

45 pie. by an allogenic mixed lymphocyte reaction (allogenic MLR) of mouse, rat or human. 

[0292] ; The allogenic MLR is a blastog enesis of lymphocytes induced by a mixed culture of lymphocytes such as 
spleen cells, lymph node cells and peripheral blood lymphocytes, derived from two individuals, which are allogenic and 
have different major ^histocompatibi lity antigens. -The allogenic MLR is a phenomenon induced by and reflects the dif- 
ference in major histocompatibility antigens of the doners erf the lymphocytes, and a biastog enesis phenomenon of the 

so lymphocytes is not developed by a mixed culture of the lymphocytes from monozygotic twins. Acco^ 
MLR is widely used for the donor-recipient selection in organ transplantations. 

[0293] When allogenic MLR is desired, one way-MLR, wherein the lymphocytes of one of them are used as stimu- 
lator cells upon X-ray irradiation or treatment with mitomycin C to inhibit proliferation and when the Wastc>gen lym-: 
phocylesof the other ;(responder cells)iisdetennined; may be carried out 
55 [0294] . - Further/ the immunosuppressive activity can Re determined as an activity to inhibit induction of cytotoxic T 
cells having ,the major histocompatibil^ 

[0295] : Also, the immunosuppressive activity can be determined, .besides allogenic MLR, as an activity to inhibit the 
blastogenesis of the lymphocytes induced by the stimulation of various mitogens such as concanavalin A, phytohemag- 
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gulutinin and pokeweed mitogen or as an activity to inhibit the proliferation of the lymphocytes induced by a cytokine 
(e.g. interleukin 1, 2, 3, 4, 5 or 6) having an activity to reinforce the proliferation or promote the differentiation of the lym- 
phocytes such as T cells or B cells, or manifestation of such function. In addition, it is possible to evaluate the immuno- 
suppressive activity according to the inhibition of the production of these cytokines from T celts or macrophages. 

5 [0296] Alternatively, the activity can be evaluated as an activity to inhibit induction of allogenic cell-specific cytotoxic 
T cells induced in spleen cells of mouse previously immunized with, for example, allogenic ceils by intraperitonealiy, 
orally, intravenously, intradermal ly, subcutaneously or intramuscularly administering a compound to mice; as an activity 
to inhibit the production of an allogenic cell-specific antibody produced in the blood serum of mouse immunized with 
allogenic cells or the like. The activity can be also evaluated as an activity to inhibit rejection of organ transplantation 

10 among allogenic skin, heart liver, kidney and so on, or graft-versus-host reaction (GvHR) and host-versus-graft reac- 
tion (HvQR) by administering a compound to rat. dog or the like. Moreover, the activity can be evaluated as an activity 
to inhibit delayed hypersensitivity reaction, adjuvant arthritis, experimental allergy encephalomyelitis, experimental 
autoimmune uveitis or the like by administering a compound to mouse, rat or the like, 

[0297] Moreover, the immunosuppressive activity may be evaluated as an activity to inhibit, for example, production 
is of arrti-DNA antibodies, production of rheumatoid factors, nephritis, abnormal proliferation of lymphocytes or urinary 
protein; or a macrobiotic effect by the administration of the compound to MRL/1pr mice, NZB/WF 1 mice, BXSB mice, 
NOD mice and the like which are spontaneous model animals with autoimmune diseases. 



20 



45 



Experimental Example 1 (Inhibition of allogenic mixed lymphocyte reaction in rat) 



[0298] The rat allogenic mixed lymphocyte reaction (hereinafter referred to as rat allogenic MLR) is carried out by 
a mixed culture of nylon wool non-adhesive spleen cells from F344 rat as responder cells and spleen cells from WKAH 
rat treated with mitomycin C as stimulator cells that are used at the same ratio. 

[0299] The responder celts are prepared as follows. A spleen is removed from a 4- to 1 0-week-old F344 rat and a 
25 single cell suspension of spleen cells is obtained by the use of RPM 1 1640 medium (containing kanamycin sulfate 60 
ug/ml, penicillin G potassium 100 units/ml, N-2-hydrcocyethyl-piperazine-N-2-ethanesulfonate 10 mM, 0.1% sodium 
hydrogencarbonate and L-glutamine 2 mM) supplemented with 5% heat-inactivated fetal calf serum (hereinafter 
referred to as FCS). After hemolysis treatment the spleen cells are passed through a nylon wool column and non-adhe- 
sive cells are collected. The nylon non-adhesive cells are adjusted to a concentration of 10? cells/ml by the use of 
30 RPM 1 1640 medium containing 1 0" 4 M 2-mercaptoethanol and 10% FCS and used as a responder ceil suspension. 
[0300] The stimulator ceils are prepared as follows. A spleen is removed from a 4- to 1 0-week-old WKAH rat and a 
single cell suspension of spleen cell is obtained by the use of RPMI1640 medium. After hemolysis treatment, the sus- 
pension is treated with 40 ug/ml mitomycin C at 37 °C for 60 minutes. After washing three times, the suspension is 
adjusted to a concentration of 10 7 cells/ml by the use of RPM 11 640 medium containing 10^ M 2-mercaptoethanol and 
35 10% FCS and used as a stimulator cell suspension. 

[0301 ] The responder cell suspension (50 ul) prepared by the method described above, the stimulator cell suspen- 
sion (50 jjJ) prepared by the method described above and a test sample (100 uJ) prepared by the use of RPM 1 1640 
medium containing 10% FCS are placed in a 96 well flat-bottomed micro test plate and cultured at 37 °C under 5% C0 2 - 
95% air for 4 days. 

40 [0302] The blastogenesis reaction of lymphocytes in rat allogenic MLR is determined by a method using 3 H-thymi- 
dine uptake as an index. Namely, after the cul ture, 3 H-thymicfine 18.5 KBq/well is added and the cells are cultured for 4 
hours: The cells are collected by a cell harvester and the radioactivity incorporated into the cells is determined by a liq- 
uid scintillation counter and used as an index for the lymphocyte blastogenesis in rat allogenic MLR. The inhibition of 
rat allogenic MLR is calculated by the formula below and evaluated accordingly. 



Inhibition 



(%) « Pi- fcP" 1 2? MLR wjtt] test sample) - (cpm of responder cells alone) "| x 
° L " (cpm of MLR without test sample) - (cpm of responder cells alone) J x 



so [0303]' The compounds of the present invention show an ICsq value (a concentration to inhibit by 50%) of from 1 
about 1 nM to about 50nM in a rat allogenic mixed lymphocyte reaction. 

Experimental Example 2 (Inhibition of proliferation of interleukin 2 ( I L-2) -dependent mouse T ceil line CTLL-2 induced 
bylL-2) 

55 

[0304] An IL-2-dependent mouse T cell line CTLL-2 is prepared to a concentration of 2 x 1 0 5 cells/mi in RPM1 1 640 
medium containing 10% FCS. A cell suspension thereof (50 ^l), recombinant human IL-2 (rh-IL-2) 40 U/ml (50 mO and 
a test sample (100 jil) prepared by the use of RPMI1640 medium containing 10% FCS are placed in a 96 well f lat-bot- 
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10 



30 



45 



tomed micro test plate and cultured at 37 °C under 5% C0 2 -95% air for 68 hours. After the culture. 100 pi of the super^ 
natant of each well is removed and a 5 mg/ml MTT [3-(4. 5<Jime4hylthiazol-2-yQ-2,5Kiipheriyrtetrazolium bromide] 
solution is added to each well by 20 uJ and the cells are incubated at 37 °C for 4 hours. Then, 0.01 N hydrochloric acid 
solution (1 00 containing 1 0% sodium dodecyl sulfate is added thereto and the cells are incubated at 37 °C overnight. 
The purple formazan crystals produced are dissolved and the absorbance at 570 nm is measured using a microplate 
absorbance photometer and used as an index of the proliferation of the IL-2-dependent CTLL-2 ceils. The inhMion (%) 
of the IL-2-dependent proliferation is calculated by the following formula: 

, : > . - Inhibition (%) a • 

N (absorbance when test sample and rh-IL-2 are added) - (absorbance when rh- 1 L-2 is not added) t 1QQ 
L (absorbance when rh-IL-2 alone is added) -(absorbance when rh-IL-2 is not added) J x 



[0305] The compounds of -the present invention show an IC50 value (a concentration to: inhibit by 50%) of from 
75 about 1 nM to about 50 nM in the IL-2-dependert 

Experimental Example 3 (Inhibitory effect on delayed type hypersensitivity reaction in mice), 

[0306] BALB/c mice at 5 weeks of age are sensrtized by subcutaneous injection to the back with 0.1 ml of 0.25% 
20 methylated human serum albumin (MeHSA) solution. Four days after sensitization, the volume of right hind foot in mice 
is measured using foot volume: m 

MeHSA solution is injected into the right hind foot pad in order to induce delayed hypersensitivity reaction (DTH reac- 
tion). After 24 hours from the injection, namely after 5 days from sensitization, the volume of right hind foot is measured 
again. The test compounds are examined by the differences of the foot volumes between at 5 days and 4 days, namely 
25 the swelling in the volume of right hind foot pad as an indicator of DTH reaction. At this time, the body weight, wet weight 
of thymus and spleen and the nunriber of peripheral whrte blood cells are 
istered orally /for 5 consecutive days from the day of -sensitization. : 
[0307] ^ v T^ 

axlrfiinistratiCf):at0:l:.tO;:10::fngyKg:,. . r , : -, ; 



Experimental Example 4 (Inhibitory: effect on host versus graft reaction in rats)- 



[0308] . A spleen is removed from a male WKAH rat at 4 to 5 weeks of age and is used to obtain a single cell sus- 
pension of spleen cells using RPM 1 1 640 medium. (containing kanamycin sulfate at 60 ^g/riil penicillin G potassium at 

35 100 units/ml, N-2-rr/droxyetrTyjpiperazine-N'-2-etriariesutfate at 10 mM, 0.1% sodium bicarbonate and L-glutarrrine at 2 
mM). After. hem^ 10^ 
cells/ml with .physiological saline for injection.^ injection of 1 00 uhof the spleen cell suspension into right hind foot pad 
of male LEW rats at 4-5 weeks of age^the host versus graft reaction (HvQ reaction) is induced. After 4 days of the injec^ 
tion of the cells, both of right and left popliteal lymph nodes are removed and the weight of them is measured. The test 

40 compounds are examined by difference between the rig 

weight as an indicator of HvG reaction. In addition, after 4 days from the injection of the cells. Wood is obtained from tail 
vein of the rats and the number of peripheral white blood cells is measured using automatic hemocytometer for animal 
(MEK-5158, Nihonkouden Co., Ltd.). Test compounds are ; intravenously or ^^orally.administered.daily for 4 days after the 
injection of the cells: . ■ %■ v: t ... «... \-\ 



Experimental Example 5 (Inhibitory; effect on graft versus host reaction in rats) 



[0309] There are two types of graft versus host reactions (GvH reaction) which are systemic and local GvH reac- 
tions. Systemic GvH reaction is induced by intravenous administration of cyclophosphamide at 150 ml/kg to 5-week-old 
so female=(LEVyxBN)F^ rats and by intravenous, injection <of. 5 xH oT spleen cells, from female. LEW. rats at 5 weeks of age= 
to them on the next day. Test compounds are exarruned by determining me survival-time aft^^ 

GvH reaction. Local GvH reaction is induced by subcutaneous injection of 2 x 10 7 spleen cells from 5-week-old male 
LEW rats into the right hind foot pad of female (LEWxBINOF-, rats at 5 weeksoffage and after 7 days t popfiteal ;lyrnphr 
nodes are removed and their weights are measured. Test compounds are orally administered daily for 30 days and 7 
55. days from the day of cell injection in the case of systemic reaction and Ibcal.GvH reaction, respectively. 
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Experimental Example 6 (Inhibitory effect on antibody production against sheep red blood cells in rats) 

[031 0] Four to six-week-old male F344 rats are immunized by intravenous injection with 1 x 1 0 s of sheep red blood 
cells. After 4 days from immunization, the spleen is removed, and the number of anti-sheep red Wood cell antibody pro- 
5 ducing cells are counted by direct hemolytic plaque forming assay using sheep red blood cells and guinea pig comple- 
ment. In this case, the body weights, wet weights of thymus and spleen, and the number of spleen cells are also 
measured. Test compounds are orally administered daily for 4 days after the day of immunization. 

Experimental Example 7 (inhibitory effect on adjuvant arthritis in rat) 

[031 1] Dead tuberculosis bacterium (R35H5v-1 strain, 0.5 mg) is suspended as an adjuvant in 0.1 mi of liquid par- 
affin and inoculated to the root of tail of an 8-week-old male LEW rat After the inoculation up to day 21 of the adjuvant, 
the presence or absence or the onset of arthritis is observed and the day of onset of arthritis and the ratio of the onset 
cases are determined. The swelling of right hind foot pad of the rat is periodically measured by using foot volume meas- 
is uring apparatus (TK-102; Neuroscience Co., Ltd.). At day 21 , the roentgenogram of the hind foot of the rats is taken, 
based on which the degree of destruction of articulation is evaluated. Test compounds are orally or intravenously 
administrated f rom the day of adjuvant inoculation daily for 21 days. 

[031 2] When the test compound is not administered, arthritis is found in all 7 rats inoculated with adjuvant at day 
9.6±0.5. along with swelling of hind limbs and destruction of the articulation. 
20 [031 3] The compounds of the present invention delayed the onset of and decreased the ratio of the onset cases of 
the adjuvant arthritis to a statistically significant degree and significantly suppressed swelling of the hind limbs and 
destruction of the articulation by the administration of 0.1-10 mg/kg thereof. 

Experimental Example 8 (Inhibitory effect on collagen-induced arthritis in rats) 

25 

[0314] Seven to eight-week-old male Sprague-Dawiey rats are intracutaneously injected by division of 5 portions 
with 1 ml of emulsion which are prepared by mixing 0.1 N acetic acid solution containing bovine type II collagen at 2 
mg/ml with Freund's incomplete adjuvant at a volume ratio of 1 :1. After 7 days, re-immunization is performed by intrac- 
utaneous injection of collagen emulsion prepared by the same method into the root of tail. The swelling of right hind foot 
30 pad of the rat is periodically measured by using foot volume measuring apparatus (TK-102; Neuroscience Co., Ltd:). 
[0315] Additionally, after 10 and 21 days from primary immunization with collagen, the Wood is collected and anti- 
type II collagen antibody titer of the serum is measured by EUSA method. Test compounds are orally or intravenously 
administered daily for 21 days from the day of primary immunization. 

35 Experimental Example 9 (Inhibitory effect on experimerrtaJ allelic encephalomyelitis in^ ra 

[0316] Eight-week-old female LEW rats are imrnunized by irrtracutanecws injection to their right hind foot pad with 
0.1 ml of emulsion of Freund's complete adjuvant containing 100 *ig of myelin basic protein (MBP) purified from spinal 
cord of guinea pigs and 100 ug of dead Mycobacterium tuberculosis H37 RA. Thereafter somatic symptoms after immu- 
40 nization are judged according to the standards of 6 levels. 

Score 0: No symptoms 
Score 1 : Weakness of tail 
Score 2: Weakness of hind limbs 
45 Score 3: Paralysis of only one hind limb 
Score 4: Paralysis of both hind limbs 
Score 5: Incontinence of urine or death 

[0317] Additionally, after 20 days from immunization with MBP. the spinal cords are removed from the rats to make 
so tissue section and the histology of them are invest 

are orally administered daily for 20 days after the day of immunization. 

Experimental Example 10 (Inhibitory effect on experimental autoimmune uveitis) 

55 [0318] Eight-week-old female LEW rats are immunized by intracutaneous injection to their right hind foot pad with 
0.1 ml of emulsion of Freund's complete adjuvant containing 30 ug of soluble antigen (s-antigen) purified from bovine 
retina and 100 jig of dead Mycobacterium tuberculosis H37 RA. Onset and seriousness of uveitis are periodically 
inspected after the immunization. Seriousness of uveitis is judged according to the following standards. 
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Score 0: No inflammation 

Score 1 : Weak, or light (hyperemia of iris and emergence of exudate in arterior chamber) 

Score.2: Medium (small hypopyon) 

Score 3: Strong:(noticeable hypopyon and exophthalmos) . 

[0319] - Additionally. after,15 days from immunization with s-antigen, eyeballs are removed from the rats to mate tis- 
sue section and the histology of them is investigated after staining by. hematoxylin-eosin method: 

Score 0: No inffltration of inflammation-associated cells- 
io Score 1 : Slight infiltration 

Score 2: Weak er light infiltration 

Score 3: Medium infiltration and partial destruction of visual eel (layer 
Score 4::Remarkable inffltration and conplete destiiiction of visual cell layer 

is [0320K Test compounds are orally administered daily for 15 days after the day of irr^ 

Experimental Example 11 (Effect on survival of MRLTIpr mice as a model of spontaneous systemic lupus erythemato- 
sus) - • ••••• ■■ - : " • - ' • ' • 

20 [0321]!. Test:compourKjs are orally adrrri 

daily administration is continued until 8 to 45 weeks of age and for the assessment of therapeutic effect, until 16 to 20 
weeks of age. Mortality during the administration period is recorded and blood and urine periodically obtained from the 
animals are measured for the titers of anti-nuclear antibodies and rheumatoid factor in the serum, and protein in the 

•urine. ' '■■>-;•• * w . -j-v.* , ->- ■.».,.■ vxv ■ 

Experimental Example 12 (Prolonging effect of ;sWn graft on allogenic skin graft in rats) : 

[0322]i A full-thickness sWn graft (1.5 x 1.5 cm) of a 4-week-old male WKAH rat or :LEW rat is grafted to a graft bed 
on the back of a 4^week-old male F344 rat by suture. Jhe graft is covered with a sterile gauze and bound. The bandage 
30 is removed 5 days after the grafting and the skin graft is observed daily until it is rejected. The skin graft. is considered 
to be rejected when 90% or more of the epithelium of the sWn graft showed necrosis and turned brown, The number of 
days from the grafting to rejection is taken as a graft survival days. Test compounds are intraperitoneal ly, intravenously 
or orally administered repeatedly once a day for 14 days. - 

[0323] In the control group administered with vehicle alone, mean survival time for grafting the skin of a WKAH rat 
35 to an F344 rat was 7.0±0.0 day* The results obtained by oral administration of Compound (l-a) of the present invention 

at a dose of 1 mg/kg or 10 mg/kg are shown in Fig. 1. The comparative compound 1 was 2-arrtino-2-(2-(4-(4-phenyl- 

butylaxy)phenyl)ethy0propane^1 ,3-diol dGsclosed*in WO94/08943. corrparative compound 2 was 2-amino-2-methyl-2r 

(2K4-(4-phenylbutytoxy)phenyl)butanoldisdose^ ■■. 

[0324],: As shown mFig:.1,mean survival time of the group administered ^^ 
40 upon grafting of me skin of a WKAH rat to an F34^ 

compound 1 and comparative compound 2 were 1 T.9±0.7 days and 1 5.6±1 .4 days, respectively. The compound of the 

present invention prolonged graft survival days statistically significantly as compared to the controligroup and:compar-- 

ative compound t group. It showed an equivalent prdongih 

[0325] The mean survival time upon grafting of thesWn of an LEW rat to an F344 rat was 8:2±0,4 days; whereas 
45 that upon administration iof Compound (l-a) of the present invention was 20 days or more; .thus showing a statistically: 
significant prolonging effect as compared to the control group adrnirustered with vehicle alone. ^ 

Experimental Example 13 (Body weight change on allogenic skin graft in rats) 

so [0326J; The changes in body weightin;rats of JExperimental Example 12 on testing of allogenic skin graft in rats, after, 
13 days of consecutive repeat oral administration of 10 mg/kg;of test. compounds are shown in Fig; 2; ; Vz 
[0327] As shown in Fig. 2. the group administered with the compound of the present invention showed natural gain 
of body weight as in the control group, whereas the group administered with comparative compound 1 and the group 
administered with comparative compound 2 showed a suppressive effect on the gain of the body weight which is attrib- 

55 utable to disorders of gastrointestinal organ arxl therewith associated decrease in food intake. As a resu^ 

of serious side effects such as nutrition intake disorder due to increase of dose and long term consecutive administrar 
tion> and further, fatal consequences. In contrast, the group administered with the compound of the present invention 
showed a similar increase in body weight as the control group; which indicates that the compound of the preserrt.inven- 
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tion is a highly safe immunosuppressant with less toxicity, which is free of the aforementioned side effects. 
Experimental Example 14 (Prolonging effect on graft survival of cardiac graft on allogenic cardiac graft in rats) 

s [0328] The hearts from the male WKAH rats at 1 0 to 14 weeks of age are heterotopically transplanted in subcuta- 
neous locations at cervixes of male ACI/N rats at 10 to 14 weeks of age using vascular anastomosis. The transplanted 
hearts are judged to be rejected in the case of the cessation of heart beat, then survival time was calculated. Test com- 
pounds are orally administered repeatedly for 15 days from the day of transplantation. 

10 Experimental Example 15 (Prolonging effect on graft survival of renal graft on allogenic renal graft in dogs) 

[0329] Mongrel and beagle dogs are used as donors and recipients, respectively, and then the prolonging effect on 
the survival of transplanted kidney is examined by performing surgery of renal transplantation. After the transplantation, 
the blood was collected from the transplanted animals periodically to measure the levels of serum creatinine and blood 
75 urea nitrogen (BUN). 

Experimental Example 1 6 (Inhibition of blastogenesis reaction of rat spleen cells induced by stimulation with conca- 
navalin A) 

20 [0330] Inhibition effects of blastogenesis reaction of rat spleen cells induced by stimulation with concanavalin A is 
tested in the following manner. 

[0331] A spleen is removed from a 4- to 10-week-old male F344 rat The removed spleen is opened with scissors 
and filtered through RPMI1640 medium supplemented with 10%FCS using a stainless mesh to give a single cell sus- 
pension of spleen ceils. After hemolysis treatment,, the spleen cells are passed through a nylon wool column and non- 
25 adhesive cells are collected. The collected nylon non-adhesive cells (5 x 10 6 cells/ml ) are cultured in RPMI1640 
medium containing 5 ug/hU concanavalin A, 5 x 1 0" 5 M 2-mercaptoethanol and 10% FCS at 37 °C under 5% C0 2 -95% 
air for 72 hours. 3 H-thymidine 18.5 KBq/well is added and the cells are cultured for 4 hours. The cells are collected by 
a cell harvester and the radioactivity incorporated into the cells is determined by a liquid scintillation counter and used 
as an index for the blastogenesis of rat spleen cells. 
30 [0332] The compounds of the present invention show an IC50 value (a concentration to inhibit by 50%) of from 
about 1 nM to about 50 nM in blastogenesis reaction of rat spleen cells induced by stimulation with concanavalin A. 

Industrial Applicability 

35 [0333] From various pharmacological testings inclusive of the above-mentioned Experimental Examples and toxic- 
ity testing, it is evident that Compound (I) of the present invention, a pharmaceutically acceptable acid addition salt 
thereof and a hydrate thereof show superior immunosuppressive action without inhibitory action on body weight 
increase which is related to serious side effects, and are useful as superior immunosuppressants with less toxicity and 
higher safety. Moreover, the Compound (II) and Compound A of the present invention are useful as synthetic interme- 

40 diates for Compound (I) which is useful as an immunosuppressant 

[0334] The present application is based on Patent Application No. 86255/1997 filed in Japan, the content of which 
is incorporated hereinto by reference. 

Claims 

45 

1 . A 2-aminopropane-1 ,3-diol compound of the general formula 

CH2OR 3 O 

R 1 R^-C-(CH^^ ( I ) 

CH2OR 4 

55 

wherein R 1 , R 2 , R 3 and R 4 are the same or different and each is a hydrogen or an acyl; a pharmaceutically accept- 
able acid addition salt thereof or a hydrate thereof. 
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2. The 2-aminopropane-1 ,3-diol compound according to. claim: 1. which is 2raminor2-(2-(4-(1^oxOT5-phe- 
nylperrtyl)phenyl)ethyl)propane-1 ,3-diol, a pharmaceutical! y acceptable acid addition salt thereof or a hydrate 
thereof. : :-. ■ - : 

3. A pharmaceutical comprising the 2-aminopropane-1 ,3-diol compound according to claim 1 or 2, a pharmaceutical ly ; 
acceptable acid acWition salt thereof or a hydrate thereof. > 

4. An immunosuppressant comprising, as an active Ingredient.. the 2-aminopropane-1 ,3-diohcompound according to 
claim 1 or 2, a pharmaceutically acceptable acid addition salt thereof or a hydrate thereof. 

5. A suppressant of rejection comprising, as an active ingredient the 2-aminopropane-1,3-diol compound according 
to claim :1 or 2, a pharmaceutically acceptable acid addition salt thereof or a hydrate thereof. 

6. An, agent for the prevention or treatment of graft-versus-host diseases comprising, as an active ingredient, the 2- 
aminopropane-1 ,3-diol compound according to claim 1 or 2, a pharmaceutically acceptable acid addition salt 
thereof or a hydrate thereof. 

7. An agent for the prevention or treatment of autoimmune diseases or allergic diseases comprising, as an active 
ingredient the 2-aminopropane-1 ,3-diol compound according to claim 1 or 2, a pharmaceutically acceptable acid 
addiiion^saJt'jhereof^axhydrate^therec^v,. . • . r 

8. A plwrnaceuticaJ composition com or 2, a 
pharmaceutically acceptable acid addition salt thereof or a hydrate thereof, and a pharmaceutically acceptable car- 
rier.) '^-yr-i '■^':y t -r--f< ! : -*--r>rrx t t&Xi *uk rt"; : » ...;v ^-.\ •* * t r,v,..* V:« 

9. 2«Amino-2-(2^4^14tydroxy-&phe^ a compound thereof wherein amino 
group and/or hydroxy.group are(is) protected ct, a salt thereof. , 

1 0. ^-Amino^^^fbrmytphenyOethyOpro ,3-diol, a compound thereof wherein amino group and/or hydroxy 
group are(is) protected ora salt thereof. - ^ . ,i : v ' 
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FIG. 1 
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